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ABSTRACT 
The School of Education and the Department ofPhysics at Boston University 
offer a sequence of 10 two-credit professional development courses through the 
Improving the Teaching of Physics (ITOP) project. The ITOP courses combine physics 
content, readings from the physics education research (PER) literature, and the 
conceptual history of physics (CHOP). ITOP participants self-report changes to their 
teaching practices as a result of their participation in ITOP. The purpose of this study was 
to verify and characterize those changes in the specific area of the participants' use of 
history after their study of CHOP. Ten recent ITOP participants were observed, 
interviewed, and asked to provide lesson plans and samples of student work from their 
classes. Case studies of each participant's teaching were constructed from the data. The 
individual cases were synthesized to characterize the impact of CHOP on the ITOP 
participants. 
The results show that the participants integrate CHOP into their pedagogical 
content knowledge (PCK) to infmm their understanding of: (1) the relationship between 
physics and other disciplines, (2) the relationship between specific physics concepts, (3) 
student understanding of physics concepts, ( 4) student difficulties in learning physics 
Vl 
concepts, and (5) methods for teaching physics concepts. The participants use history to 
teach a variety of topics, although the most common were mechanics and 
electromagnetism. All of the participants used history to teach aspects of the nature of 
science (NOS) and to increase student interest in physics,_ while eight participants taught 
physics concepts through history. The predominant mode of incorporating history was 
through adding anecdotes about the scientists who worked on the concepts, but seven 
participants had their students study the historical development of physical concepts. All 
the participants discussed a lack of time as a factor that inhibits a greater use of history in 
their courses. Eight participants discussed a lack of appropriate resources for using 
history in high school physics classes. Two participants said they did not feel that explicit 
study ofthe history of physics would benefit their students until they had better mastery 
of physics concepts. 
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CHAPTER ONE: INTRODUCTION 
In the fall of2004, the School ofEducation and the Department ofPhysics at 
Boston University began offering a series of ten professional development courses for 
physics teachers. The project, known as Improving the Teaching of Physics (ITOP), 
combines physics content with readings in the history and philosophy of science (HPS) 
and physics education research (PER). The study described in this work was an 
evaluation ofthe ITOP project focused specifically on the historical component of the 
ITOP courses: how the historical component affected the participants ' thinking about 
teaching physics, and how they subsequently used history in their physics teaching. 
The origin of ITOP 
ITOP was developed in response to the need by the Boston Public Schools (BPS) 
for more certified physics teachers . This need was driven by two factors : a plan for BPS 
to adopt the Physics First curriculum, and the passage of the No Child Left Behind Act 
(NCLB) of2001. The adoption of the Physics First curriculum meant that there would be 
a greater number of physics classes being taught in BPS, which in turn meant a greater 
need for physics teachers in BPS. NCLB required states to establish standards for teacher 
qualifications, which meant that the additional physics teachers needed by BPS would 
need to meet higher standards for content knowledge than had previously been the case. 
In the physics first curriculum, students take physics, then chemistry, and lastly 
biology (Lederman, 2001 ). This contrasts with the traditional high school curriculum in 
which students take biology first, followed by chemistry then physics. The adoption of 
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Physics First by BPS created a pressing need for more physics teachers in the district. 
Although exact figures are unknown, one estimate was that BPS would need ten times as 
many physics teachers as it had in 2004 (Garik et al., 2007). The curriculum change in 
BPS created a need to rapidly change the teaching force. Many BPS teachers licensed in 
other areas were assigned to teach physics outside of their area of specialization to 
accommodate the increased need for physics teachers. 
Hestenes and Jackson (2006) argued that the only way to have a large and rapid 
impact on the teaching force was through professional development. This professional 
development would include what Hestenes and Jackson called crossover teachers-
teachers who had specialized in other disciplines but were teaching physics. Training 
crossover teachers - and professional development for physics teachers in general -
creates a problem: the physics content needed by such teachers is taught in introductory 
undergraduate university courses, however professional development credits need to be at 
the graduate level in order for teachers to advance their licensure and standing on the 
salary scale (McDermott, 1990). In ITOP, through the incorporation ofHPS and PER 
readings with undergraduate physics, the courses developed were qualified as graduate 
courses. This made the ITOP courses useful as professional development for teachers. 
The ITOP courses incorporated the introductory physics needed by teachers and carried 
graduate credit. 
NCLB created additional requirements for the crossover teachers in BPS. NCLB 
required states to, "ensure that. .. teachers have the necessary subject matter knowledge 
and teaching skills in the academic subjects that the teachers teach" ("NCLB," 2002, p. 
2 
1625). NCLB identified science as one ofthe core academic subjects for which content 
standards needed to be established. The states were required to use those content 
standards to define the content knowledge required for teacher licensure and to monitor 
students' academic progress. NCLB required teachers to be "highly qualified" in the 
subject area of their primary teaching assignment, meaning they must be licensed or have 
some other demonstration of their competency to teach that subject. 
In Massachusetts, the requirements ofNCLB are met through a variety of 
programs. The content standards are set by the Massachusetts curriculum frameworks. In 
physics, the relevant framework is the Massachusetts Science and 
Technology/Engineering framework (Massachusetts Department of Education, 2006). 
Student progress is measured by the Massachusetts Comprehensive Assessment System 
(MCAS) exams, which are designed to reflect the curriculum frameworks (Massachusetts 
Department of Education, 2011a). There are multiple ways a teacher can demonstrate his 
or her competency in a particular subject area: complete an academic program in the 
subject area, pass the Massachusetts Test for Educator Licensure (MTEL) for the subject 
area, obtain a national board certification in the subject area, or complete an approved 
professional development program focused on the subject area (Massachusetts 
Department of Education, 2011 b). If crossover teachers pass the MTEL physics exam, 
they can earn their professional license in physics, and therefore be classified as highly 
qualified teachers under the provisions ofNCLB (Massachusetts Department of 
Education, 2011b; "NCLB," 2002). 
Helping crossover teachers pass the physics MTEL exam was only one objective 
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of the ITOP project. Another objective was to prepare physics teachers who would feel 
comfortable attending meetings of professional teaching societies, such as the American 
Association of Physics Teachers or the National Science Teachers Association (Garik et 
al. , 2007). From these objectives, Garik et al. developed a list of specific goals for the 
participants in the ITOP courses: 
We are looking to prepare teachers of physics who 
1. have mastered the basic elements of physics content knowledge; 
2. are comfortable designing, constructing and using equipment in the 
laboratory; 
3. have constructed an understanding of the nature of science through the 
study of its epistemology and conceptual history; 
4. rely upon the community's archival journals for the practice of their 
discipline; 
5. support their understanding of physics through participation within a 
community of physics teacher professionals; and, 
6. integrate their content knowledge, understanding of the nature and history 
of science, and the PER literature into their pedagogical content 
knowledge (p. 4). 
As Garik et al. Argued, the goals for the participants in ITOP parallel the standards for 
teachers described in Science for All Americans (American Association for the 
Advancement of Science, 1990) and the National Science Education Standards (National 
Research Council, 1995). Over the ten courses offered through ITOP, the content goes 
beyond what is only required for passing the MTEL. The content that goes beyond that 
needed for the MTEL includes the HPS and PER readings which justify the graduate 
credit designation, additional topics in physics, such as special relativity, and a course in 
developing simulations of physical phenomena. 
As previously mentioned, the work here focused specifically on the impact of the 
historical component ofiTOP. Goals (3) and (6) bear directly on this work. Goal (3) 
4 
specifically discusses the study of conceptual history, so it is expected in this study that 
the subjects will have knowledge of that history. Goal (3) also suggests that ITOP 
participants will learn about topics in the nature of science (NOS) through conceptual 
history. Goal (6) suggests that the ITOP participants will incorporate their new 
knowledge into their own pedagogical content knowledge (PCK), and by extension into 
their teaching practice. Goal (6) was the basis for choosing PCK as the interpretive 
framework for this study. 
Description of ITOP 
Through the ITOP project, the Boston University School ofEducation and the 
Department of Physics offer a sequence of 1 0 two-credit courses which incorporate 
physics, the history and philosophy of science (HPS), and readings from the physics 
education research literature (PER). Through the combination of physics content, HPS 
readings, and PER readings, the courses are offered at the graduate level as professional 
development for physics teachers. A brief introduction to ITOP is included here. A more 
thorough description ofthe project is in Chapter 3. 
The study ofHPS in ITOP is through a model known as the conceptual history of 
physics (CHOP). Instruction in CHOP is based on the epistemic games model developed 
by Collins and Ferguson (1993). A typical CHOP exercise from the comparison of 
historical models of heat is shown in Table 1. In discussing and filling out the table, ITOP 
participants compare and contrast the different historical conceptions of heat. Collins and 
Ferguson referred to this as the "stage game." Each column of the table represents a 
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particular model- or stage- in the development of the understanding of heat. The ITOP 
participants read both primary and secondary sources to understand the historical models. 
In the case of models of heat, the participants read a translation of Aristotle in Matthews 
(1989) and a reprint of a Maxwell article in Garber, Brush, and Everitt (1996) as a 
primary sources, and selections from Gentner and Stevens (1983) and Toulmin and 
Goodfield (1982) as secondary sources. 
Table 1: Exercise comparing models of heat to teach CHOP. 
Aristotle Experimenters Caloric Theory I Physical Kinetics 
(Lavoisier) (Maxwell) 
What are the 
fundamental qualities 
involved? 
! What data were 
I 
collected by the i 
• researchers? 
! ' What is conserved? I I 
What was the cause of 
the change in state or 
temperature? 
What experimental 
I evidence supports this 
theory? 
I 
1 Can you pose an I I 
experiment that falsifies 
I I J the theory? 
~--~ · ------
In each course, the participants develop a lesson plan which must be reflective of 
the HPS readings PER readings. This encourages them to think about how they might 
teach the physics content of each course using the resources in ITOP. However, the 
participants do not leave with a complete set of lesson plans for teaching all of the 
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physics content of each course. It is up to each teacher to later incorporate what they have 
learned in ITOP into their teaching practice, or not if they so choose. 
Previous evaluations of ITOP 
Since !TOP's inception in 2004, 44 teachers have taken at least five courses, and 
12 teachers have completed the entire sequence. The project has included an ongoing 
evaluation since its inception. Within the courses, the participants are given pre- and 
post- tests to measure the change in their knowledge of physics content. At the end of 
each academic year, all participants from the previous academic year are surveyed 
regarding their perceived effects of their involvement in ITOP. Between September, 2006 
and May, 2008, participants were observed in their classrooms. During this period, 22 
individual classes were observed, taught by 14 different ITOP participants at the time. 
Overall, the evaluation of ITOP has shown that the participants increase their knowledge 
ofphysics (Garik et al., 2007), the history of science (Garik et al., 2007; Garik et al., 
2011; Winrich et al., 201 0), and physics education research literature (Garik et al., 2007; 
Winrich et al., 2011 ). 
Garik et al. (2007) noted that the participant surveys indicated a large impact of 
ITOP that was not observed in the classroom activities. The largest discrepancy was in 
the area of the history of science. In the annual survey, ITOP participants report a large 
gain in their knowledge of the history of science (Figure 1) and in their use of the history 
of science to understand student learning (Figure 2). 
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Figure 1: Participants' reported growth in their knowledge of the history of physics 
(n=57) 
40 
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Both the difference reported by the participants in their knowledge of the history of 
science and that of their skills to identify opportunities to use the history of science are 
statistically significant (p<O.OOl) using a one-tailed t-test assuming unequal variance. 
Despite these large reported differences in teacher knowledge and use of history, only six 
of the 22 observed classes ofiTOP participants included any reference to history. The 
discrepancy between self-reported skill at identifying opportunities to use history and the 
observed use of history in the classroom is the basis for this project. 
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Figure 2: Participants' reported use of skills at identifying opportunities to include 
the history of science in their teaching (n=53) 
45 
40 
35 
30 
25 
20 
15 
10 
5 
0 
39 
23 23 
3 4 
0 0 
Just OK Good Very Good Excellent 
D Before • After 
Theoretical framework: Pedagogical content knowledge 
The ITOP courses are designed around developing a participant's PCK. 
Therefore, PCK will be adopted as the theoretical framework for interpreting the 
subjects' thinking about teaching physics in this work. Shulman (1986) proposed PCK as 
a distinct form of knowledge possessed by teachers that integrates other areas of 
knowledge to govern the teacher' s actions in the classroom. For this work, a broad model 
of PCK will be adopted for interpreting the subjects ' thinking about physics teaching. 
The knowledge components of PCK in the model adopted here are: knowledge of content 
(physics in this case), knowledge of related content, knowledge of pedagogy, knowledge 
9 
of curriculum resources, knowledge of learners, knowledge of educational aims, 
knowledge of common difficulties and preconceptions, and knowledge of assessment. 
Study design 
The overall goal of this project is to better understand the ITOP participants' 
perception and use of the history of science in their physics teaching. Based on the self-
reports ofthe participants and the previous ITOP evaluation studies, it is assumed that the 
participants incorporate the history of science into their physics teaching. However, the 
exact nature of that use, and how the participants view the history of science in relation to 
physics teaching remain open questions. The specific research questions for this project 
are: 
RQ 1: How do the subjects understand the study of CHOP to have changed 
their thinking about physics teaching? 
RQ 2: How do the subjects use the history of science with their students? 
RQ 3: What barriers to using the history of science in physics classes are 
perceived by the subjects? 
For clarity, "subjects" refers to the research subjects of this project, and "participants" 
refers to all ITOP participants. A brief overview of the study procedures is presented 
here; details of the study procedures are presented in Chapter Three. 
Yin 2009) stated that case studies are appropriate for questions about how or why 
a phenomenon occurs when the researcher has no control over the subjects' behavior, and 
the research is focused on contemporary events. These conditions are true in the present 
10 
research. Data will be collected from each research subject, and the research questions 
will be answered for that subject individually. The data collected for each case included: 
(1) at least one interview with each subject, (2) observation of at least two classes taught 
by each subject, (3) lesson plans or class materials for the observed classes of each 
subject, and (4) samples of work from each subject's students. The answers to RQ 1 and 
RQ 3 are based on the subjects' interviews. The answer to RQ 2 draws from all data 
sources. The answers to the research questions for one subject constitute a single case 
study in this project. 
Ten subjects were recruited from the pool of participants who had taken at least 
one ITOP course after January 2008 and had taken at least one ITOP course before 
September 2010. These time restrictions were chosen so that: (1) the subjects would have 
recent experience with ITOP, increasing the likelihood that they would be able to 
accurately state the influence ofiTOP, and (2) the subjects would have had at least one 
summer between their first ITOP course and the beginning of the data collection for this 
project. The data collection took place during the 2010-2011 and 2011-2012 school years. 
Each case report was written and discussed with the subject on whom the case 
report was based to ensure an accurate interpretation of the subject's thinking. The ten 
case reports were then used as the data source to provide answers to the research 
questions reflective of all the subjects. The findings based on all subjects are presented in 
Chapter Four. 
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Definitions of terms 
Pedagogical Content Knowledge (PCK): Pedagogical content knowledge is a term 
introduced by Shulman (1986). Shulman used the term to delineate an area of knowledge 
upon which teachers draw in constructing specific lessons. 
History of Science (HOS): Although there are many definitions of history, in this work, 
HOS will refer to a narrative account of progress from the past to the present, or what 
Sandwell (2005) called school history. This definition ofHOS is consistent with the 
subjects' view of history expressed in the research. 
Conceptual history of physics (CHOP): Conceptual history is a special form of history 
that focuses on the change of meaning and ideas over time (Koselleck, 2002). CHOP is 
specifically such a history focused on physics concepts. In ITOP, CHOP is taught 
through exercises based on the epistemic games framework of Collins and Ferguson 
(1993). 
Nature of science: NOS is a broad term used to describe an understanding ofthe 
scientific enterprise. Generally, it includes the epistemology of science and the way that 
individual scientists and groups of scientists work and rely upon each other's work to 
develop knowledge. McComas, Clough, and Almazora (1998) compiled a list of common 
elements ofNOS from the research literature, shown in Table 2. In the Massachusetts 
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Science and Technology/Engineering curriculum framework, NOS is represented in the 
scientific inquiry skills standards for a high school physics course. 
Table 2: Consensus view of NOS elements from McComas, Clough, and Almazora 
(1998, pp. 6-7) 
• Scientific knowledge while durable, has a tentative character. 
• Scientific knowledge relies heavily, but not entirely, on observation, 
experimental evidence, rational arguments, and skepticism. 
• There is no one way to do science (therefore, there is no universal step-by-step 
scientific method) 
• Science is an attempt to explain natural phenomena 
• Laws and theories serve different roles in science, therefore students should 
note that theories do not become laws even with additional evidence. 
• People from all cultures contribute to science 
• New knowledge must be reported clearly and openly 
• Scientists require accurate record keeping, peer review and replicability 
• Observations are theory-laden 
• Scientists are creative 
• The history of science reveals both an evolutionary and revolutionary character 
• Science is part of social and cultural traditions 
• Science and technology impact each other 
• Scientific ideas are affected by their social & historical milieu 
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CHAPTER TWO: REVIEW OF RELATED LITERATURE 
In this chapter, the literature bearing on this study is reviewed and summarized. 
There are three issues to be addressed in this review: why historical information is 
considered to be useful in science courses, how historical information has been included 
in physics courses previously, and finally how PCK is used to model teacher knowledge. 
These topics will be addressed in the above order through the chapter. 
The question of why historical information is in science courses will begin with a 
brief exploration of the science literacy movement. Science literacy has been a focus of 
science education in the United States since 1971 (DeBoer, 1991 ). The meaning of 
science literacy has changed over time, but a convergence occurred in two seminal 
reports that have become the foundation for science education reform (Felske, 2000). 
These reports are the American Association for the Advancement of Science's (AAAS) 
Benchmarks for Science Literacy (1993) and the National Research Council's (NRC) 
National Science Education Standards (1995). The conception of science literacy 
outlined in these documents is used in the Massachusetts Curriculum Framework for 
Science/Technology (Massachusetts Department of Education, 2006). The recently 
released Framework for K-12 Science Education (NRC, 20 12) retains the perspective of 
the earlier reports as to the importance of scientific literacy. 
Following the review of science literacy, research on the benefits of incorporating 
history in science classes will be reviewed. This research further supports the case for the 
inclusion of historical information in science courses by showing that including historical 
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information in science courses results improved science content understanding by 
students in those courses in some circumstances. Arguments against including history in 
science classes and barriers to incorporating history will also be discussed. The research 
on incorporating history into science courses will also be used to introduce the ways that 
historical information has been included in science courses previously. 
Following the review of the previous uses of history in science courses, ways of 
classifying that use will be introduced. Matthews ( 1994) discussed the ways that history 
can be used in terms of how the teacher presents history in a science class. Seroglou and 
Koumaras (200 1 ), and Seker (2007) developed classification schemes for the use of 
history based on the instructional goals for the inclusion of history. 
Finally, PCK as a model for understanding the knowledge of teachers will be 
presented. Much has been written about the nature of PCK since Shulman (1986) 
introduced the term. One issue that has been debated in the literature is which knowledge 
components contribute to PCK. A second issue brought out in the literature is whether 
PCK is a distinct form of knowledge or a model for understanding teacher thinking. After 
examination of these issues, a model for PCK will be proposed for use in this work. 
Science Literacy 
In 1971 , the National Science Teachers Association (NSTA) proclaimed that 
developing science literacy was the major goal of science education (DeBoer, 1991 ). 
DeBoer (2000) cites the NST A's description of a scientifically literate person as someone 
who "uses science concepts, process skills, and values in making everyday decisions as 
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he interacts with other people and with his environment" and who also "understands the 
interrelationships between science, technology, and other facets of society, including 
social and economic development" (NSTA, quoted in DeBoer, 2000, p. 588). Science 
literacy remains a major objective of science education in the United States (AAAS, 
1990, 1993; DeBoer, 2000; Hurd, 1998; NRC, 1995). Science literacy is seen as 
imperative for personal fulfillment, workplace success, and national strategic 
competitiveness (NRC). 
The origin of science literacy is in the science curriculum reforms of the early 
1950s. The rapid and successful development of militarily useful technologies during 
World War II, notably penicillin, radar, and atomic weapons, brought science and 
technology into public prominence (National Science Foundation [NSF], n.d. ; Rudolph, 
2002). The National Science Foundation (NSF) was founded in 1950 and charged with 
both advancing scientific research and improving science education. This meant that 
professional scientists were involved in examining and reforming pre-college science 
education. The scientists had two specific goals to achieve through an improved science 
curriculum: to provide training for the young people who would ultimately choose 
careers in science, and to build greater scientific literacy among the American public 
(Rudolph, 2002; Shamos, 1995). The term "science literacy" was introduced by Paul 
Hurd in 1958 (Hurd, 1998), although an earlier report by the Rockefeller Brothers Fund 
concluded that everyone should be "literate in science" (as cited in DeBoer, 2000). 
Hurd's (1958) conception of science literacy emphasized the interplay between 
science and society. He noted recent scientific advances and concluded that "more than a 
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casual acquaintance with scientific forces and phenomena is essential for effective 
citizenship today" (p. 13). He argued that this required an educational system that gave 
significant attention to science. Such an educational system would prepare students to 
function in a society characterized by technological change and maintain a workforce 
capable of technical labor (Hurd). Because it is impossible to expect an educational 
system to teach everything known about science, Hurd suggested an educational program 
stressing the methods of science over specific subject matter. This practice would allow 
science courses to be grounded in timeless principles even as the knowledge embodied by 
science was changing. 
Curriculum reforms in the 1970s also changed the conception of science literacy. 
A growing group of science educators organized their curricula around a theme of 
science, technology, and society (STS) (DeBoer, 1991). This theme emphasized the 
relationship between science and society through technology. STS teachers and advocates 
argued that science needed to be taught as a human activity (DeBoer). By doing so, they 
argued, the values and ethics underlying science and technology could be exposed and 
understood. This position is very reminiscent of Hurd's original conception of science 
literacy. STS brought a new dimension to the conception of science literacy: that science 
literacy was a necessary part of personal development (DeBoer). That science should be 
studied for personal fulfillment contrasts sharply with other arguments that science 
should be studied for national economic and strategic gains (Laugksch, 2000). 
Several forces contributed to the development of the STS cuniculum, and its 
underlying conception of science literacy. There was a general move away from teaching 
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disciplinary science (DeBoer, 1991 ). Educators questioned the value of teaching the 
disciplinary structure of science for its own sake. STS was a way of organizing the 
disciplines of science around a theme that would make science more relevant to the 
students. Additionally, cultural changes contributed to the growth of the STS curriculum. 
Increasing environmental awareness placed ecology in the forefront of the American 
consciousness (DeBoer). Ecological education was a natural fit with STS, and it became 
a central theme of the STS curriculum. The STS theme continues to influence science 
education and the embodiment of science literacy to the present day. 
In 1982, the NST A adopted STS as the central theme for science education 
(DeBoer, 1991 ). In the same year, Hofstein and Yager wrote a paper suggesting that all 
science education should be organized around social themes (Hofstein & Yager, 1982). In 
the STS context, social action is the highest expression of science literacy (DeBoer, 
2000). STS ignited a debate as to the nature of science education. On one side, there were 
those who argued science classes should be organized around social themes because the 
interplay between science and society was the domain of science education (e.g. Hofstein 
& Yager, 1982; Yager, 1985). On the other side where those who argued that using only 
social themes to organize science education would eliminate teaching the foundations of 
many disciplines, and leave students with a decontextualized view of science (e.g. 
Kromhout & Good, 1983; Good, Herron, Lawson, & Renner, 1985). These two positions 
on science education were tied to contrasting views of science literacy: on the STS side, a 
conception of science literacy that emphasized societal impact, and on the other side, a 
conception of science literacy that emphasized disciplinary knowledge (DeBoer, 2000). 
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The debate over the nature of science literacy was settled in some sense by the 
publication of Benchmarks for Science Literacy (AAAS, 1993) and the National Science 
Education Standards (NRC, 1995). These publications embraced a broad view of science 
literacy, including both disciplinary standards and societal impacts (DeBoer, 2000). The 
conceptions of science literacy embodied in Benchmarks for Science Literacy and the 
National Science Education Standards are nearly identical, and represent one conception 
of science literacy (Felske, 2000; Laugksch, 2000). Benchmarks for Science Literacy is 
derived from Science for All Americans (AAAS, 1990), so the conception of science 
literacy between them is the same. Science for All Americans offers a definition of 
science literacy that does not need to be inferred from the grade-level standards seen in 
the other two documents: 
Science literacy-which encompasses mathematics and technology as well as the 
natural and social sciences-has many facets. These include being familiar with 
the natural world and respecting its unity; being aware of some ofthe important 
ways in which mathematics, technology, and the sciences depend upon one 
another; understanding some of the key concepts and principles of science; having 
a capacity for scientific ways of thinking; knowing that science, mathematics, and 
technology are human enterprises, and knowing what that implies about their 
strengths and limitations; and being able to use scientific knowledge and ways of 
thinking for personal and social purposes. (AAAS, 1990, pp. xvii-xviii) 
Laugksch (2000) identified two broad classes of conceptions of science literacy. 
The first was science literacy relative to culture. In this vein, science literacy is related to 
an individual's ability to function as a consumer and/or citizen in a technological society. 
Laugksch's second class of science literacy was science literacy as a learned 
understanding of science. In this sense, science literacy is related to an individual's 
ability to understand and apply scientific concepts. The conception of science literacy 
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from Science for All Americans blends aspects of both forms of science literacy by 
including both the relation of science to society and conceptual knowledge of scientific 
disciplines. 
Although position statements of national organizations are helpful in looking at 
broad trends in science education, public primary and secondary schools in the United 
States are under local control. In Massachusetts, the state's Department of Education 
publishes curriculum frameworks to set the expectations ofthe local school curriculum. 
The Massachusetts Science and Technology/Engineering Curriculum Framework 
explicitly includes the development of science literacy, including science content 
knowledge and scientific inquiry skills (Massachusetts Department of Education, 2006). 
The Framework refers to and embraces the broad conception of science literacy from 
Benchmarks for Science Literacy. The Framework also suggests that the history of 
science may be an appropriate topic of study throughout the K -12 curriculum, provided 
the historical study is linked to the content learning standards. One might therefore expect 
to find that physics teachers in Massachusetts include historical topics as part of their 
lessons. 
History of Science in Physics Classes 
With the emphasis in the school curriculum on science literacy, science classes 
incorporate content about more than just scientific principles: content relating to major 
historical advances, as well as the nature of science, is also taught in science classes. 
While there are several ways to incorporate this content, one common way is through the 
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history of science (HOS). Using HOS in science classes is not a new development based 
on the science literacy movement. According to Seroglou and Koumaras (200 1 ), the first 
physics textbook to be explicitly organized around a historical approach was written in 
1893.1 History and philosophy are often linked in these discussions, in part because a 
study of history can be used to better understand the philosophy of science, as in Kuhn 
( 1996), and because they are seen as separate from the science content (Matthews, 1994 ). 
There are three principle motivations for using HOS in science classes. The first 
two come directly from the science literacy goal for science education: (1) a beliefthat 
the interplay between science and culture is an important piece of understanding science; 
and (2) an expectation that students who study HOS will develop a better understanding 
of the nature of science (Abd-El-Khalick & Lederman, 2000). The third motivation for 
including HOS as part of the science curriculum stems from the historical examples used 
to understand the nature of science, and more generally, the philosophy of science. This 
prodder perspective of linking the history and philosophy of science (HPS) leads to (3) 
the study ofHPS can improve the students' understanding ofthe science content (Galili, 
2008; Kipnis, 1998; Matthews, 1994). In this context, HPS includes HOS, but adds 
specific discussion of the philosophy of science. 
The Interaction of Science and Culture 
The study ofHOS for cultural purposes and its contribution to science literacy is 
twofold. One contribution of the study of HOS to science literacy is to understand the 
impact that scientific advances have had on human culture. Chapter 10 of Benchmarks for 
1 The book, Pioneers of Science, was written by Sir Oliver Loge, and is available as an e-book 
through Project Gutenberg at http://www.gutenberg.org/ebooks/28613. 
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Science Literacy (AAAS, 1993) lists ten developments in scientific thinking that have 
had a dramatic impact on culture. These include the Copernican (heliocentric) solar 
system, Newton's synthesis of physics governing the heavens and the Earth, the theory of 
relativity, the understanding of geologic timescales, plate tectonics, the discovery of 
oxygen, the model of the atom, the evolution of life through natural selection, the 
discovery of microorganisms, and the utilization of energy. A similar list appears in the 
National Science Education Standards (NRC, 1995, p. 204). Another way that science 
has influenced human culture is through the diversified global work of scientists working 
on particular problems. Scientists from many cultures have contributed to scientific 
advances (NRC), and therefore science represents a cultural unity, or a distinct culture in 
itself (Galili, 2011 ). 
The second interplay between HOS and culture is the effect of culture on the work 
of scientists. The predominant philosophy at a particular time influences the thinking of 
the scientists at that time (e.g. Toulmin & Goodfield, 1982, 1999). In addition, some 
cultural events have led to scientists moving their work to different locations: For 
example, the exodus of scientists from Germany in the lead up to the Second World War. 
Understanding the Nature of Science 
The second way the study of HOS contributes to the development of science 
literacy is through the development of a better understanding of the nature of science 
(NOS). Science for All Americans (SFAA) (AAAS, 1990) and the National Science 
Education Standards (NSES) (NRC, 1995) describe NOS as an understanding of the 
process of science- how we know what we know- as an important component of 
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science education. Including NOS in science education is part of an overall curricular 
shift away from treating sCience as a fixed body of knowledge to be learned by rote; 
instead, science is approached as a process by which humans learn about the natural 
world. 
In SF AA and NSES, NOS represents one aspect of science literacy: the 
epistemology of science. In short, NOS addresses the question: How do we know what 
we know? While SF AA and NSES define the epistemological point of view for school 
science, there is no strong consensus on what constitutes an accurate view of NOS among 
philosophers of science (Alters, 1997; Rudolph, 2000). 
Many authors have argued that there is enough agreement about common aspects 
ofNOS to present some aspects as universal (Hipkins, Barker, & Bolstad, 2005; 
McComas, Clough, & Almazora, 1998; McComas & Olson, 1998; Schwartz & 
Lederman, 2002). McComas et al. developed a list of consensus elements of NOS drawn 
from eight international policy documents that could be integrated into science education. 
That list represents the process of developing scientific knowledge, as well as the 
epistemological commitments underlying scientific knowledge. 
Monk and Osborne (1997) argued that the NOS was an integral part of science 
education, "because the answer to the question of 'how we know' is an important aspect 
of our account of science" (p. 409). They further argued that HOS is the most natural way 
to incorporate NOS, because by comparing previous conceptions of scientific phenomena 
to current conceptions, epistemological questions will naturally arise. 
Abd-El-Khalick and Lederman (2000) tested the hypothesis that teaching HOS 
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would improve students' knowledge of NOS. While they found a positive impact of 
HOS, it came with the caveat that NOS must be explicitly taught. This finding is 
supported by others as well (e.g. Galili & Hazan, 2001 a; Kipnis, 1998). Since classroom 
time is tight, it is more appealing to teachers ifNOS can be taught alongside science 
content (Kipnis). 
A common approach to blending HOS and NOS with science content is through 
the use of historical case studies. Hottecke, Henke, and Riess (20 1 0) describe the 
implementation of historical case studies in the History and Philosophy in Science 
Teaching (HIPST) project in Western Europe. One of the goals ofHIPST was to increase 
the use of the HPS in science teaching in order to have a positive impact on science 
literacy. They chose case studies as the preferred method of incorporating HPS, because 
cases allowed for the integration ofHPS with physics content, and cases imply an active 
role on the part of the learner (Hottecke et al.). Stinner, McMillan, Metz, Jilek, and 
Klassen (2003) made a similar argument in favor of historical case studies, and also 
proposed a general framework for the structure of such case studies unifying science 
content with HPS. 
Kipnis's (1998) approach to creating historical cases was to recreate historical 
experiments with students. In this way, he was able to keep with the need to integrate 
science content with NOS through the HOS materials. This approach offered several 
benefits of over a traditional (i.e. non-historical) approach to teaching the same content: 
(1) The result is already known, at least to the instructor; (2) the historical experiment can 
be narrowly focused on a particular topic; (3) there is a high chance of experimental 
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success for the students; and (4) following experimental success, the students' self-
confidence may be improved (Kipnis). 
Irwin (2000) also used a historical case study to integrate NOS with science 
content. In Irwin's case, he looked at the development ofthe model of the atom with two 
groups of secondary school students in the United Kingdom. In his experimental group, 
he stressed teaching theory change over the development of the current atomic model. In 
the control group, while he presented information about previous atomic models, his 
emphasis was on how each previous model contributed some aspect to the current model. 
The two groups were synchronized in the sense that they were covering the same science 
content over the same period of time in the two classes. Similar to the findings of Abd-
El-Khalick and Lederman (2000), Irwin reported that the group with explicit NOS 
instruction dramatically outperformed the control group in their understanding of theory 
change. He commented that while he had hoped the historical approach would also 
engender better science content learning (which it did not), the historical approach, with 
its emphasis on NOS, led to equal understandings of the modem atomic model in both 
groups (Irwin). 
Improving Understanding of Science Content 
The third and final argument in support of incorporating HOS into science 
education is that the study of HOS can directly support the learning of science concepts. 
Matthews (1994) argued that history and philosophy combined can offer much to science 
education in general. In addition to the cultural and NOS goals above, Matthews 
specifically argued that scientific principles are taught better through an HPS approach. 
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This argument is supported by other authors as well (e.g. Galili, 2008; Monk & Osborne, 
1997; Stinner et al., 2003; Teixeira, Greca, & Freire, 2009). 
One line of argument in support of this proposition is that students can learn 
science in the same manner that science developed-what Galili (2008) called 
"recapitulation," and Ernst Mach called the "genetic method" (Matthews, 1994 ). 
Matthews noted that Mach and Piaget both argued in favor of this genetic method 
because it also mirrored the psychological development of children. Galili and Hazan 
(200 1 b) noted that the genetic method also aligns with the constructivist theory of 
learning. 
Matthews (1994) also argued that the genetic method was useful to teachers 
because it would help to identify difficulties that students might have in understanding 
modem scientific concepts. Such reasoning is implicit in studies that compare student 
misconceptions about physics to historical models of physical phenomena (e.g. Halloun 
& Hestenes, 1985). A teacher's knowledge of history and student misconceptions would 
therefore combine to suggest lessons that might help students understand modem 
scientific concepts. 
A second line of argument in favor ofthe proposition that HOS supports 
conceptual learning in science is that it fosters a more critical examination of the science 
concepts. Galili (2008) cited the example of the development of Newton's concept of 
inertia as an area in which this type of reasoning can apply; through comparing Newton's 
ideas to those of Galileo or Kepler, the subtle differences between the theories can be 
brought to light. Presumably, the students will develop a better understanding of inertia, 
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to use Galili's example, or any other concept that might be similarly taught. 
While arguments have been made in favor of the use ofHOS to support 
conceptual learning, it is also important to test those ideas. Teixeira et al. (2009) 
reviewed 11 studies that used a historical approach to teaching physics. Seven of the 
studies reviewed used HPS to support the development of physics concepts. They were: 
Galili and Hazen (2000, 2001a) counting as one study reported in two papers, Seker and 
Welsh (2006), Klopfer and Cooley (1963), Pocovi (2007), Ogunniyi (1987), Hasson and 
Kaminski (2007), and Dedes and Ravanis (2009). Of these, only Seker and Welsh and 
Klopfer and Cooley did not report improved conceptual learning as a result of the HOS 
approach to teaching physics, although both of those studies did find an improvement in 
the students' understanding ofNOS. 
The studies in Teixeira et al. (2009) were restricted to just those that examined 
HOS/HPS approaches to teaching physics in an experimental setting, as opposed to 
teaching science in general, teaching other disciplines, or presentation of materials 
without reported classroom uses. However, others have presented materials and argued 
that HPS can support learning scientific concepts in physics and other disciplines (e.g. 
Chang, 2010; Coelho, 2009; Galili & Tseitlin, 2003; Kipnis, 1998; Lin, Hung, & Hung, 
2002; Monk & Osborne, 1997; Stinner et al., 2003). 
Despite the arguments in favor of incorporating HOS materials to support science 
learning, there is one major caveat to this approach: the need to avoid an improper or 
inaccurate presentation of history. Allchin (2000, 2003) in particular cautioned against 
this particular pitfall of using HOS in support of science teaching. He argued that if HOS 
27 
is to make a contribution to science education, then it must be presented accurately, and 
not in such a way as to simplify or diminish past accomplishments. Kuhn (1996) 
foreshadowed this problem by noting that textbooks are written to support the current 
scientific paradigm, and that their historical presentations can be skewed to provide 
evidence for the current theories. Supporters of using HOS in science education (notably, 
Matthews, 1994) also caution against such use of history as inaccurate and inappropriate. 
Obstacles to Incorporating HOS Instruction 
With all the arguments in support of incorporating HPS in the genetic approach to 
teaching science, the question remains as to why such an approach is not more 
universally adopted. There are many obstacles to the adoption of the genetic approach. 
One is that the teachers must have sufficient knowledge of HPS in order to appropriately 
use this approach in class (Galili, 2008; Hottecke & Silva, 2010; Matthews, 1994). While 
this can be overcome through professional development and preservice programs that 
promote HOS, it is important to note that many teachers lack this knowledge. 
Another obstacle to broader adoption of the genetic approach to science teaching 
is the culture of science teaching itself (Hottecke & Silva, 20 I 0). Hottecke and Silva 
referred specifically to the culture of teaching physics, and noted that in physics teaching, 
a premium is placed on clear representations of knowledge. Incorporating HOS 
introduces arguments and negotiations among scientists, and potentially among students, 
and therefore contradicts this teaching culture. A related problem is the claim by some 
that exposure to the incorrect concepts of the past could confuse the students, and inhibit 
their understanding of physics content (Galili, 2008). 
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The school science curricula are also cited as a barrier to broader adoption of HPS 
teaching materials. Curriculum standards include historical content as an additional area 
of study, which may be appropriate for high-achieving students, but lack specific 
statements that studying HOS supports learning the underlying science concepts 
(Hottecke & Silva, 201 0). Galili (2008) commented that there is a perception that there is 
simply not enough time to teach history in addition to the content. It is likely that Galili's 
observation is related to the structure of the curriculum standards mentioned by Hottecke 
and Silva. There is also a lack of appropriate textbook materials to support HPS-based 
instruction (Hottecke & Silva). 
Classifying HPS use 
In the instances where HPS is used to support science instruction, the way in 
which it has been incorporated into science classes can be classified. Matthews ( 1994) 
broadly stated that HPS could be introduced into science classes in two ways: either as an 
add-on or an integrated experience. The add-on model is typified by teaching a traditional 
science course, then adding exercises on HOS. It can also take the form of adding 
historical background, or biographical information about the scientists discussed as part 
of the lesson (Matthews, 1994). On the other hand, the integrated HPS approach 
represents a complete reorganization of the course along historical lines (Matthews, 
1994). The integrated HPS approach is essentially the same as what Mach called the 
genetic method, where the content is taught through history. 
Regardless of how HPS is incorporated, it can also be classified based on the 
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instructional goals of the HPS content. Seroglou and Koumaras (200 1) developed a 
classification scheme for the use of HPS based on instructional goals in physics. They 
categorized the ways HPS supported physics instruction into three dimensions: the 
cognitive dimension, the metacognitive dimension, and the emotional dimension. The 
cognitive dimension is focused on what might be considered traditional physics content: 
physics concepts, problem solving, and experimental methods. The metacognitive 
dimension incorporates NOS and relationships between science and society. The 
emotional dimension is focused on using HOS to foster a personal connection between 
the students and physics, with a potential goal to attract them into further study. 
Instead of looking at instructional goals, Seker (2007) focused on how the 
teachers could connect HOS materials with their own pedagogical content knowledge. 
Seker developed four levels at which teachers might connect HOS to their knowledge: 
the interest level, the cultural level, the epistemological level, and the conceptual level. 
At the interest level, HOS is presented as stories about scientists, but has no interrelation 
with the science concepts or NOS aspects of the lesson. Similarly, Seker's cultural level 
does not support the teaching of science concepts or NOS, but the HOS at this level is 
used to explain the historical milieus in which scientists lived and worked. The 
epistemological level represents the teacher connecting HOS with his or her NOS 
knowledge. Finally, a connection at the conceptual level means the teacher is using HOS 
to help the students learn science content. 
Seker' s (2007) interest and cultural levels combined represent the same type of 
content goals that Seroglou and Koumaras (200 1) identified in their emotional dimension 
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of using HOS. Similarly, Seker's epistemological level corresponds to Seroglou and 
Koumaras's metacognitive dimension, while the conceptual level corresponds to the 
cognitive dimension. So regardless of whether the motivation for classification was the 
use of HOS in class, or the ways in which the teacher might connect HOS to his or her 
knowledge, a similar scheme emerges. It is also noteworthy that these classification 
schemes align well with the major arguments in favor of adopting HOS in science classes 
as well. 
Pedagogical Content Knowledge 
The current paradigm for describing teacher knowledge is to use the framework of 
pedagogical content knowledge (PCK). Lee Shulman (1986, 1987) proposed that teacher 
knowledge includes a new distinct form of knowledge that is comprised of content 
knowledge, pedagogical knowledge, knowledge of the students, and the ability to 
combine this knowledge for effective teaching. To help define his idea, Shulman (1987) 
used an example of a young English teacher who teaches a very interactive lesson in 
literature, but then delivers a pure lecture on grammar, a subject she feels less confident 
to teach. Shulman used this example to show that knowing a subject and knowing about 
pedagogy does not necessarily mean that the two will be used together constructively. 
The teacher needs additional knowledge to guide his or her actions for meaningful 
teaching. Shulman (1986) called this new form of knowledge "pedagogical content 
knowledge," describing it as: 
a second kind of content knowledge ... which goes beyond knowledge of subject 
matter per se to the dimension of subject matter knowledge for teaching. I still 
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speak of content knowledge here, but of the particular form of content knowledge 
that embodies the aspects of content most germane to its teachability. (p. 9) 
PCK is thus distinct from both content knowledge and knowledge of pedagogy, but 
includes knowledge of student difficulties and knowledge of ways to represent the 
content so that it is meaningful to the students (Shulman, 1987). 
There have been alternate constructions ofthe notion ofPCK, but Shulman's 
original description is still the standard (Abell, 2008; Lee & Luft, 2008). Lee and Luft 
noted that several authors have considered various additional aspects of teacher 
knowledge to be a part of the construction ofPCK. Wilson, Shulman, and Richert (1987) 
added elements ofPCK to Shulman' s (1987) categories. These added areas were 
knowledge of educational aims, knowledge of other related content, knowledge of 
learners, and curricular knowledge - the knowledge of resources available to teach 
content. All of these knowledge bases contribute to the decisions a teacher makes in how 
to present content to his or her students (Wilson, Shulman, & Richert). 
Lee and Luft (2008) undertook a study to find out what practicing teachers 
thought contributed to PCK in the specific context of teaching science. The teachers who 
participated in the study were mentors for new teachers. Each teacher in the study had 
earned a master's degree and had a minimum often years of teaching experience in U.S. 
middle or high schools. Through interviews, classroom observations, reflective journals 
kept by the teachers, concept mapping, and card sorting (a type of concept mapping 
where the elements of the concept are given to the teacher on cards which he or she can 
then arrange), the researchers built a model of PCK from the teachers. The teachers' 
model ofPCK included seven elements: knowledge of science, knowledge of goals, 
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knowledge of students, knowledge of curriculum organization, knowledge of teaching, 
knowledge of assessment, and knowledge ofresources (Lee & Luft). While the teachers' 
view is considerably broader than Shulman's (1987) description ofPCK, it is consistent 
with the broader model of Wilson, Shulman, and Richert. 
Questions about the exact components of PCK abound, and broader questions 
about PCK also remain. Some authors (e.g. Gess-Newsome, 1999; Loughran, Berry, & 
Mulhall, 2006) have noted the difficulty in defining exact boundaries of PCK and focused 
on other questions. Gess-Newsome suggested that the models ofPCK fall along a 
continuum between two extremes. On one end, she put the "integrative model," in which 
PCK is the sum of its component parts, which are integrated in the act of teaching. She 
likened this to a chemical mixture, where the parts are all present and distinct, though 
mixed. On the other end of the spectrum, she put the "transformative model," where the 
component parts must be present, but PCK represents a unique interaction among the 
combination. She likened this to a chemical compound, where the constituent atoms have 
bonded into a new and different molecule. 
Gess-Newsome ( 1999) noted that adopting the transformative model of PCK 
implied that PCK was in fact a new and separate form of knowledge. Shulman (1986, 
1987) discussed PCK as a form of knowledge separate and distinct from other categories 
such as content knowledge or pedagogical knowledge. However, Miller (2007) argued 
that calling PCK a separate category of knowledge would imply four statements: (1) that 
teachers become experts through constructing PCK; (2) that PCK is measurable; (3) that 
PCK is teachable; and ( 4) that PCK is reflected in classroom practice. Miller concluded 
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that these four assumptions could not be met, so PCK could not be a separate category of 
knowledge, but may be a useful theoretical construct for conducting research on teaching. 
With regard to developing expertise through constructing PCK, Lee and Luft 
(2008) suggested that the extremes ofthe continuum suggested by Gess-Newsome (1999) 
may describe the differences in PCK between a novice teacher (transformative model) 
and an expert teacher (integrative model). Mulholland and Wallace (2005) followed a 
single elementary school science teacher over ten years as she went from a student 
teacher to being an experienced teacher. They assessed the teacher' s PCK during the 
study, and noted changes in her PCK as she developed more experience in teaching. 
Mulholland and Wall ace argued that the teacher became an expert elementary science 
teacher as her PCK developed. 
It is true that measuring PCK presents several challenges. Studies of PCK 
typically use individual methods mentioned by Lee and Luft (2008) or mixtures of those 
methods, as Lee and Luft did. Miller (2007) argued that there is no single or well-defined 
way of measuring PCK, which remains true. However, there are several means in use to 
measure aspects of PCK. 
Miller's (2007) third objection to including PCK as a separate category of 
knowledge was that PCK must be teachable. Gess-Newsome (1999) also noted that ifthe 
transformative model were accepted, that would imply a defined body of knowledge that 
can be taught to preservice teachers. Etkina (2010) described teaching PCK as a 
"cognitive apprenticeship." She argued that while PCK continues to develop after a 
preservice teaching program, PCK can be taught to some extent during teacher 
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preparation. The majority of studies on PCK either implicitly or explicitly assume that 
each teacher constructs his or her own PCK (Loughran et al., 2006; van Driel, Verloop, & 
de Vos, 1998). 
VanDriel et al. (1998) cast PCK as a category of craft knowledge-knowledge 
that is influenced by content knowledge and pedagogical knowledge, but is also 
developed through the practice of teaching. Although craft knowledge will not provide a 
specific and definitive body of knowledge to be taught to preservice teachers, 
commonalities in PCK among teachers can be extracted and generalized as a base of 
useful knowledge (van Driel et al.). In a sense, the concept of craft knowledge makes the 
development of PCK more like the development of expert knowledge in other academic 
fields. For example, in earning a PhD in an academic discipline, the doctoral student is 
apprenticed to an expert researcher. By working closely with the expert, the student 
develops his or her own knowledge of the craft ofresearch on top ofthe presumably 
present knowledge of the domain. Casting PCK as craft knowledge also underlies 
Etkina's (2010) conception ofPCK. 
Miller' s (2007) final objection to PCK as a category of knowledge was that PCK 
is not reflected in classroom practice. Abell (2008) specifically called for research into 
the relationship between PCK as measured by the methods above and classroom 
practices. However, Baxter and Lederman (1999) claimed that PCK is not only composed 
of what a teacher knows, but also what he or she does and why he or she does it. They 
argued that focusing only on teacher knowledge has led to a limited view of PCK in 
general. Baxter and Lederman asserted that focusing on teachers' translations from 
35 
knowledge to practice and the decision processes behind teachers' actions would be a 
more fruitful way of exploring PCK. Indeed, a teacher who has been shown to know 
certain content or to know about a certain pedagogy and does not teach that content or 
use that pedagogy can be said to lack the PCK to apply that knowledge in class, as in the 
example of the English teacher used by Shulman (1986). 
Shulman (1987) argued that teacher preparation was not meant as training to 
follow a prescribed set of actions in the classroom, but rather as conferring the ability to 
think about teaching in a way that allows the teacher to act in an appropriate way to bring 
about learning. Therefore, restricting PCK to a combination of specific domains of 
knowledge, as in Gess-Newsome's (1999) integrative model, is too limiting. PCK also 
involves the ability to transform content and pedagogical knowledge into meaningful 
curricula and classroom activities that bring about learning. However, the measurability 
ofPCK itself, instead ofPCK's related and constituent components, remains an 
outstanding problem. Thus, PCK will be treated as a framework for understanding 
teachers' knowledge, rather than as a separate and distinct form of knowledge. 
In terms of interpreting the teachers' PCK in this study, a broad model ofPCK 
will be adopted. While PCK as a whole still defies measurement, identification of 
changes in the components of PCK is still possible. In keeping with the broadest models 
ofPCK, those components will include knowledge ofthe content, general pedagogical 
knowledge, knowledge of curriculum resources, knowledge of the learners, knowledge of 
common student difficulties and pre-existing ideas, knowledge of other related content, 
knowledge of educational aims, and knowledge of assessment. This broad model of PCK 
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incorporates the aspects of the PCK model derived from practicing science teachers (Lee 
& Luft, 2008) as well as the aspects of PCK outlined by Wilson, Shulman, and Richert 
(1987). In keeping with those who argue that PCK is craft knowledge (e.g. Etkina, 2010; 
van Driel et al. , 1998) this model of PCK will assume that the content areas above 
influence PCK, but are not necessarily wholly subsumed by PCK. PCK also includes the 
teacher's ability to connect those knowledge areas to then design and conduct appropriate 
lessons for his or her students (Baxter & Lederman, 1999; Shulman, 1987). Finally, the 
model of PCK in this study will assume that each teacher individually constructs his or 
her own PCK, as assumed by previous authors (e.g. Etkina, 2010; Loughran et al. , 2006; 
Shulman, 1987; van Driel et al. , 1998). A depiction of the model ofPCK is shown in 
Figure 3. 
In Figure 3, the knowledge areas influencing PCK are shown as separate and 
distinct areas of knowledge. The areas of knowledge surround PCK representing that the 
teacher' s knowledge limits his or her possible actions in the classroom; for example, a 
teacher will not teach content he or she does not know. The overlap from the separate 
knowledge areas into the central (PCK) area represents the ability for teachers to draw on 
these individual areas of knowledge and connect them through PCK to design lessons and 
then conduct them appropriately. 
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Figure 3: Diagram ofPCK model 
Pedagogical Content 
Knowledge (PCK) 
Summary 
The school science curriculum in general, including the specific discipline of 
physics, calls on teachers to communicate more than just physics content as part of a 
physics class. Physics teachers are called upon to teach the nature of science in the 
development of science literacy. One way of teaching NOS is through the explicit use of 
the history and philosophy of science. There are various ways that HPS can support 
physics teaching, including teaching physics content, teaching NOS, and improving 
students' attitude towards physics. However, using HPS requires that teachers know HPS 
and integrate it into their knowledge about physics teaching. 
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CHAPTER THREE: PROCEDURES 
In this chapter, the study procedures are detailed. Although not a part of this 
study, the ITOP project is described in detail as it represents the intervention that all of 
the study subjects experienced. The recruitment of subjects follows the description of 
ITOP. The subjects who participated in this research are then presented. Finally, the 
procedures for data collection and analysis will be presented. 
Improving the Teaching of Physics 
The ITOP Project at Boston University was designed for licensed teachers who 
are teaching physics outside of their primary licensure area. The ITOP courses combine 
physics content, the history and philosophy of science (HPS), and readings from physics 
education research literature. By combining these content areas into one course, the ITOP 
courses are qualified graduate-level content courses. ITOP courses can be used to obtain 
or advance state certification, and advance a teacher's pay grade because they are 
graduate level content courses. 
The ITOP project offers 10 two-credit courses covering classical mechanics, 
electricity and magnetism, optics, and modem physics. A complete list ofiTOP courses 
is in Table 3. The courses are scheduled through the academic year so that a teacher 
participating in ITOP takes only one course at a time. Taken in order, the entire sequence 
takes two years to complete. A new cohort of teachers is recruited to start the sequence at 
Boston University each year. There is typically one cohort working through the first five 
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courses, and another cohort working through the second five courses. Some participants 
have elected to join both cohorts and take two courses at a time to finish the sequence 
faster. 
In the ITOP courses, the physics content persists through the entire course. The 
HPS readings are completed during the first half of each course, with the physics 
education research readings coming in the second half of the course. This arrangement 
facilitates integrating CHOP with physics content, and allows for participants to have the 
experience of being a student before reading pedagogical research papers related to 
specific content. 
An example of how physics, HPS, and research readings are integrated in an 
ITOP can be seen in NS540, "Concepts in Physics I: Forces and Motion." In this course, 
the physics content includes Newton's laws of motion for motion in a straight line, 
conservation of momentum, and conservation of energy. At the same time, ITOP 
participants read about pre-Newtonian concepts of motion, and the development of 
understanding motion from Aristotle to Newton. Students see how the understanding of 
motion changed over time, and analyze specific problems using the concepts of motion 
from different time periods to highlight the similarities and differences between the 
different conceptions of motion. The ITOP participants then read and discuss research 
articles documenting student misconceptions about forces and motion many of which 
have historical analogs. The syllabus for this course and all ITOP courses are available in 
Appendix A. 
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Table 3: Two year sequence of ITOP courses 
Year 1 
1. Concepts in Physics I: Forces and 
Motion (NS540) 
2. Concepts in Physics II: Rotation and 
Gravitation (NS541 
3. Concepts in Physics III: Fluids and 
Thermodynamics (NS542) 
4. Concepts in Physics IV: 
Electrostatics, Magnetostatics & DC 
Circuits (NS543) 
5. Concepts in Physics V: Waves and 
Geometrical Optics (NS544) 
Year2 
1. Concepts in Physics VI: 
Electromagnetism and Physical 
Optics (NS545) 
2. Concepts in Modem Physics I: 
Quantum Physics (NS546) 
3. Concepts in Modem Physics II: 
Special Relativity and Related Topics 
(NS547) 
4. Computer Modeling of Physical 
Phenomena (NS548) 
5. Everyday Applications of Physics 
(NS549) 
The ITOP courses meet once per week for three hours. Each week of an ITOP 
course also includes a self-study lesson, and a one-hour synchronous on-line meeting. 
The weekly class meeting is used for introducing new concepts, laboratory work, and 
discussions about problem solving, the HPS readings, and the research readings. The at-
home session also includes work on physics concepts, and reading questions for the 
participants to consider while they read the HPS or research papers. During the on-line 
meeting, questions about outstanding homework assignments, which may include the 
HPS or research readings, are discussed. Occasionally, a targeted discussion about the 
readings is scheduled for an on-line meeting. The courses also use a wiki site for 
discussion boards and document sharing, where participants post their answers to the 
reading questions on the HPS and research readings. Sample reading questions from 
NS540 are in Table 4. 
In NS540, after completing all the readings on the history of motion, the 
participants fill out a chart comparing and contrasting the different models of motion (see 
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Table 5). There is some variation as to exactly how this is done- sometimes the chart is 
begun during an on-line meeting, and finished in the following class; sometimes a part of 
Table 4: Sample reading questions on Aristotle from NS540 
1. What is the difference between kinematics and dynamics? 
2. What is the distinction between technology and science according to T &G? (p. 90) 
3. Why do we consider Aristotle more of a scientist than Eudoxus? and Eudoxus 
more of a mathematician than a scientist? (p. 93) 
4. In what ways did Aristotle's understanding of motion and change differ from 
ours? Was it more general? less general? 
5. What did Aristotle mean by "forced" change? by "natural" change? Do these 
necessarily refer to motion? (pp. 94, 95) 
a. Is a flame rising natural or forced change? 
b. Is a ball rising natural or forced change? 
c. Can horizontal motion be natural change? 
6. How did Aristotle relate effort exerted to speed? Why do we use the word "effort" 
as opposed to "force"? 
7. How did Aristotle relate resistance and speed? (p. 98) 
8. How do Toulmin &Goodfield (T &G) contrast the difference in the perspective on 
motion adopted by Aristotle and Newton? 
9. How does Aristotle prove that the existence of a vacuum is impossible? (p. 1 00) 
10. Is Aristotle right about what would happen to a body moving in a vacuum under 
an applied effort? (p. 1 0 1) 
11. What are the modem concepts of kinematics and dynamics which Aristotle was 
missing? (pp. 103, 1 04) 
12. Ordinarily, we would argue that the simpler an explanation, the better it is as a 
scientific model. What is it about Aristotle's addition of more spheres to 
Eudoxus' s explanation of planetary motion that leads us to consider Aristotle a 
scientist as opposed to someone who made more complicated a simple model? (p. 
106, 107) 
13. What are the five elements for Aristotle? Where are they located? What is the 
boundary between their location? (p. 1 08) 
14. What were Aristotle' s arguments for why the Earth must be a sphere? (pp. 110, 
111) 
the chart is assigned to each person in the class as homework, and the whole chart is 
completed in class, other times, the entire chart is completed during a whole-class 
discussion. In each of these cases, the chart culminates in a whole class discussion ofthe 
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development of the modem concept. Similar charts ·comparing historical models related 
to different physics content are used in other later ITOP courses, culminating in similar 
discussions. 
Table 5: Dynamics comparison matrix from NS540 
Aristotle The Scholastics Galileo Newton 
(e.g., Buridan, 
Oresme) 
Description of 
Kinematics 
Description of 
Dynamics 
Model for 
Dynamics 
Use of Mathematics 
Source of 
Supporting 
Empirical Data 
Texts 
Evolution or 
Revolution: 
Reasons for New 
Descriptions and 
Models 
The class discussiOns around completmg the CHOP tables mvolve both 
comparisons of one model to the others and descriptions of each individual model. 
Looking at the sample CHOP table (Table 5), each column of the table represents a single 
historical model of the understanding of motion. Completing a column is not simply 
providing a description of the historical model, but an exploration of the epistemology 
behind the model. This represents the epistemic "list game" (Collins & Ferguson, 1993) 
in which the participants are meant to understand the components of each historical 
model and the context in which the model was developed. As the discussion moves from 
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column to column (Collins and Ferguson's "stage game") each model is understood 
within its own context, and is compared with the previous and later models. Through 
those comparisons, subtle differences between the models are brought out, as are 
differences in scientific epistemology. The rightmost column of each CHOP table 
represents the current model of understanding- in the example here, Newtonian 
mechanics. By including the current model, this epistemic game reinforces the teaching 
of physics content through an examination of CHOP because the current model is on par 
with the historical models. Epistemic games with CHOP also support the teaching of 
NOS, particularly scientific epistemology, theory change, the role oftheory in 
interpretation of data, and the communal and cultural aspects of science. 
As a result of the design ofiTOP courses, participants do not leave with a specific 
set of lessons to teach, but a broader knowledge base to use in developing their own 
lesson plans. Class discussions in ITOP classes often revolve around teaching the content 
of the course, particularly when readings from the education research literature are being 
discussed. Each course culminates in a project in which each participant develops a 
lesson plan based on the course's content for use with his or her students. These lesson 
plans are required to incorporate historical information from the course. 
Subject recruitment 
The overall goal ofthis study is to understand the subjects' perception and use of 
history in physics teaching, following their exposure to history through the CHOP 
component ofiTOP. Those participants who had taken at least one ITOP course after 
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January 2008 and at least one ITOP course before September 2010 were eligible to 
participate in this study. This was to ensure that the eventual subjects had recent 
experience with ITOP, and at least one summer between their first exposure to ITOP and 
the data collection. This left a pool of 41 eligible participants. 
The design of the study called for the development of descriptive cases for each 
subject. There were not enough resources to observe and interview a1141 eligible 
participants, so a sample often research subjects from the group of eligible participants 
was selected. Since descriptive work is typically not generalizable, statistical power was 
not a concern in setting the sample size. However, a sample size often is 24.4% of the 
eligible participants. A sample of ten is therefore a balance between available resources 
and having enough subjects to potentially draw insights into the thinking ofiTOP 
participants as a group. 
The first research question asks about the subjects' perceived changes in thinking 
about physics teaching. It was therefore necessary that the subject in this study had 
previous physics teaching experience. Only then could they discuss how their thinking 
had changed as a result of studying CHOP. For this reason, an additional restriction was 
added that the subjects needed to have at least three years of physics teaching experience. 
At the outset of the study, it was not known how many of the 41 eligible participants 
would meet this criterion, so when that group was surveyed, the question of their physics 
teaching experience was included on the survey. 
Since statistical generalizability was not a consideration for this study, a three-
step sampling method was developed (see Figure 4 for an overview of the process) to 
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identify the content areas that the eligible participants would be teaching during the 
anticipated data collection period. By looking at the content areas the eligible participants 
intended to teach, those content areas that corresponded to ITOP content could be chosen 
to maximize the likelihood that the subjects would know of the history of science relevant 
to their lessons, and would therefore be able to refer to it if they found it of value. A 
secondary goal of this strategy was to maximize the likelihood that similar content areas 
would be observed across many subjects, facilitating direct comparison between the 
different subjects. 
Figure 4: Overview of subject recruitment process 
• Identify 
common 
teaching topics. 
• Identify teaching 
topics aligned 
with ITOP 
content. 
maximize 
teaching overlap 
with ITOP 
content. 
• Rank order will 
maximize 
teaching overlap 
with other 
subjects. 
• Participants who 
took more ITOP 
courses will be 
ranked above 
those who took 
fewer ITOP 
courses. 
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• From the top of 
the list, recruit 
until ten 
participants have 
agreed to 
become subjects. 
The first step in the process was to survey the 41 eligible participants. The survey 
questions are in Table 6 below. The survey was constructed in SurveyMonkey, and the 
link to the eligible participants was sent via email in February 2011. Between February 
and April ofthat year, 21 participants responded to the survey. Based on those responses, 
a ranked list of participants was created. 
Table 6: Initial survey of eligible participants 
1. N arne (open response) 
2. Have you taught physics for at least three years? (Included responses were: yes 
and no) 
3. Please indicate which types of physics classes you teach. (Included responses 
were: General physics, General physics (college prep), Honors physics, AP 
physics, Not currently teaching physics, and Other- with an open response box 
to specify the course) 
4. Please indicate what general areas of physics content you will be teaching in the 
next two to three months. If possible, please indicate the general timeframe 
during which you will be covering these topics. 
5. Within the list of general topical areas above, please list which specific 
principles, theories, or laws you will be covering with your students. 
6. In the next two to three months, do you have any plans for specific lessons 
about the nature of science (e.g. scientific methodology, distinguishing science 
from "pseudoscience," or the nature of proof in science)? (Included responses 
were: yes and no, with a statement that if the answer was yes to please list the 
specific lessons or topics in an open response box). 
The ranking of the participants proceeded first by comparing the content they 
intended to teach with the content ofthe ITOP courses. This was intended to make it 
more likely that the subjects would be familiar with CHOP associated with the content 
they intended to teach. In the case oftwo eligible participants who were equal in terms of 
the overlap with ITOP content, those participants with lesson topics in common were 
ranked higher. This was intended to increase the likelihood that the final sample of 
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subjects would be teaching similar topics. Finally, in cases where eligible participants 
were tied with respect to their teaching plans, those participants who took more ITOP 
courses were ranked above those who took fewer courses. This last step is based on the 
assumption that someone who spent more time in ITOP courses would be more likely to 
show an influence of his or her involvement in ITOP. 
The subjects were recruited from the ranked list of participants, starting from the 
highest ranked person on the list and moving down through the list. Four eligible 
participants declined to become subjects of the study. One eligible participant initially 
agreed to be a subject of this research, but dropped out because of a delay in obtaining his 
principal's consent for a researcher to observe his class. Another eligible participant 
agreed to become a subject of this research, but dropped out for personal reasons. In all 
six subjects were recruited, and data from them collected, before the end of the 2010-
2011 school year. In the fall of2011 , the four eligible participants who had refused and 
the two who dropped out of this project were asked again to become subject of this 
research. One agreed, but the other five either declined again or did not respond to the 
request. Recruitment continued down the ranked list until ten subjects were recruited for 
the project. The data from the final four subjects were collected during the 2011-2012 
school year. 
Primary data collection 
For each ofthe ten subjects, data was collected on two specific lessons they 
taught with their students. The data included: (1) a researcher' s observation of the lesson 
being taught, (2) an interview with the subject about the lessons, (3) lesson materials (e .g. 
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Power Point lecture notes, worksheets, and lab protocols) from each lesson, and ( 4) 
samples of student work, with identifying information removed from the students' work. 
During each lesson, the observer took notes about the subject's actions and 
comments, and the responses of the students. Following each observation, the observer 
used the notes and the lesson materials to construct a narrative description of each lesson. 
Each subject was interviewed about each lesson using the interview protocol in Table 7. 
The interviews given with the protocol were semi-structured interviews. The interviewer 
was free to ask additional questions to follow up and clarify the interviewee's answers. 
The interviewer was also free to reorder the questions as the flow of the conversation 
dictated. In the case of a subject who did not use history with his or her students, the 
interviewer was free to omit the specific questions about the lesson and skip to Section III 
to understand the subject's general attitude towards CHOP. In the event that all of the 
questions from Section III had been answered previously, and a lesson did not include 
any historical content, the post-lesson interview was omitted. Audio recordings of the 
interviews were made, and each recording was used to produce a verbatim transcript of 
each interview. 
The initial intent was to collect lesson plans for each lesson from each subject. 
However, none of the subjects prepared formal lesson plans beyond the materials they 
used in class, so those lesson materials were collected in lieu of lesson plans. The 
subjects were asked to provide the lesson materials in advance of each observation. In 
addition, some subjects provided additional lesson materials regarding their use of history 
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Table 7: Interview protocol 
I. Lesson Plans 
A. (If not evident from the text of the lesson materials) what specific historical 
content did you use in preparing this lesson? 
B. In your view, does the conceptual history of physics add to this lesson? 
1. If so, how does the conceptual history of physics enhance the lesson? 
2. If not, why did you choose to include any historical information? 
C. Next time you teach this content, how will you change the lesson? 
1. If changes will be made, why will you make those changes? 
D. Compared to previous times you have taught this content, how is this lesson 
similar or different? 
1. If this lesson is different, what prompted you to make the changes? 
E. How much of this lesson was drawn from other sources (e.g. student 
workbooks, textbooks, websites) and how much did you create? 
F. Did you develop or make changes to this lesson after your involvement in 
ITOP? 
II. Implementation 
A. How did the conceptual history of physics play out as part of this lesson? 
B. How did your students use the conceptual history of physics in this lesson? 
III. General questions 
A. What was your reaction to the historical component of the ITOP classes? 
B. Are there specific areas of CHOP studied in ITOP that you use with your 
students? Why those specific areas? 
C. Are there areas of CHOP studied in ITOP that you do not use with your 
students? Why those specific areas? 
D. Are there areas of CHOP that weren' t part ofiTOP that you have sought out to 
add to your lessons? 
E. When you find that your students have difficulties you didn't anticipate, what 
resources do you use to try to assist them? 
1. Specifically, do you consider historical experiments that helped change 
scientists' ideas about the concept troubling your students? 
2. How often do you seek out research literature on teaching in general, or 
physics education specifically? 
F. In your opinion, does CHOP contribute to student understanding? If so, how? 
G. Have you read any books about the history of physics or the history of science 
that were not part of the ITOP curriculum? 
1. If so, which books? 
2. If so, did you read them before or after your involvement with ITOP? 
3. If so, did you read them because of your involvement with ITOP? 
H. What textbook do you use with your students? 
1. Why do you use that particular book? 
2. Have you changed textbooks in the last two years? If so, why? 
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in lessons other than those observed. Those additional materials were saved and included 
in the later analysis, even though the specific lessons were not observed. 
Finally, each subject was asked to submit the work of six students, after removing 
any identifying information from the students' work. The teachers were asked to submit 
copies of student work that represented a breadth of student achievement in the class. The 
teachers were asked to submit the work of (1) two high-performing students in the class; 
(2) two low-performing students in the class; and (3) two average students in the class. 
The contribution of each data source to answering the research questions is shown in 
Table 8. 
Table 8: Relation of data sources to research questions 
Question Data sources 
How do the subjects understand the study Interviews with potential for triangulation 
of CHOP to have changed their thinking with lesson observations and lesson 
about physics teaching? materials. 
How do the subjects use the history of Interviews, lesson observations, lesson 
science with their students? materials, additional lesson materials (if 
provided), and student work. 
What barriers to using the history of Interviews 
science in physics classes are perceived by 
the subjects? 
Primary data Analysis 
The first step in data analysis was the coding of the interview transcripts. Coding 
was approached through both inductive and deductive processes. Inductive analysis was 
used to identify emergent themes in the data, while deductive analysis was used to 
identify the presence of themes based on an existing framework for analysis (Patton, 
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2002). The theoretical framework of PCK introduced in the previous chapter was used to 
evaluate the subjects' thinking. Identifying PCK components was a result of deductive 
analysis. Within the general category of PCK, there were specific codes for each aspect 
ofPCK defined in the research literature. Another use of deductive analysis was in the 
identification of NOS topics in the interviews. Since there is a large body of literature 
suggesting the support of HOS to teach NOS, a second deductive category of NOS was 
established, with specific codes for the various aspects of NOS. 
For the inductive analysis, two researchers examined the transcripts of three 
interviews. The first step was to identify those parts of the interview where the subject 
was specifically talking about HOS or CHOP. Within the discussions ofhistory, the 
researchers identified broad categories of Affect vs. Content, Teaching, and Time. Time 
was later determined to be a code within a broader category of Barriers. Once the two 
researchers were in agreement about the categorization of the subjects ' statements in the 
three cases, a single researcher coded the remaining interviews. The coding structure is 
presented in Table 9, where the individual codes are indented underneath the broad 
categories. Deductive codes that were not used have been eliminated from the listing. 
The interviews contributed to answering all of the research questions, so they 
were coded first. Following the coding of the interviews, the narrative of each class 
observation, additional lesson materials (if provided), and student work were examined 
using the same coding scheme. 
Drawing on all the data sources, a case report was written for each subject. Each 
case report consisted of answers to each of the research questions based on the 
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Table 9: Coding structure 
PCK 
knowledge of physics; knowledge of curriculum resources; knowledge of common 
student difficulties and pre-existing ideas; knowledge of other related content 
NOS 
scientific knowledge is durable and changeable; people from all cultures contribute 
to science; observations are theory-laden; scientists are creative; science is part of 
social and cultural traditions; science and technology impact each other; scientific 
ideas are affected by their social & historical milieu 
Affect vs. content 
student interest; problem focus; students' anxiety is lessened by comparing their 
thinking to historical models 
Teaching 
activating prior knowledge; personal edification 
Barriers 
time; lack of resources; content first 
·Italics indicate codes from deductive analysis. 
interviews, observations, and materials provided by that subject. To ensure an accurate 
interpretation of each subject's views, the case report was shared with the subject. The 
researcher and each subject discussed any corrections necessary to accurately reflect the 
subject's thoughts about and use of the history of science. 
Synthesis of individual cases 
The individual case reports were used as the data source for a second level of 
analysis. The purpose of this analysis was to combine the individual findings into a 
description of how the subjects in general viewed and used HOS in their physics 
teaching. While this second-level analysis was largely based on the coding scheme 
developed in the first level (Table 9), it was essentially an inductive process so that a 
unified picture of the group's views could be developed. 
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The process of developing categories began by breaking each case report down 
into discrete sections that expressed a single thought or use of history. These discrete 
sections were then read independently and separate from the rest of the case report. The 
discreet sections of all the cases were grouped based on common themes that emerged 
from their reading. These themes represented codes in the second-level analysis. The 
second level codes were: (1) HOS is separate from but related to physics content, (2) 
physics is a philosophical endeavor, (3) HOS connects within physics, (4) HOS connects 
physics to other sciences, (5) historical ideas mirror student misconceptions, (6) teaching 
physics content, (7) theory change, (8) science affects and is affected by technology, (9) 
science is a communal activity, (10) HOS generates student interest, (11) HOS 
diminishes math focus of students, (12) HOS eases student anxiety about misconceptions, 
(13) lack oftime to teach HOS, (14) lack of resources to teach HOS, and (15) content 
knowledge should precede HOS. 
The codes developed from the second-level analysis were then grouped by which 
research question they addressed: codes 1-5 address the subjects' thinking about physics 
teaching, codes 6-12 address the subjects' use ofHOS with their physics students, and 
codes 13-15 address the subjects' perceived barriers to using HOS in physics teaching. 
The group of codes under each research question was then examined for the 
possibility that there were groups of codes under each question, and whether any of the , 
individual codes should be combined. Under research question one (codes 1-5 above) 
codes 3 and 4 were combined into a single category, leaving the following four areas of 
discussion for research question one: (1) HOS is separate from but related to physics 
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content, (2) physics is a philosophical endeavor, (3) HOS provides a unifying perspective 
within physics and between other sciences, and ( 4) historical ideas mirror student 
misconceptions. 
The group of codes under research question two fell into three overall categories: 
(1) teaching physics content, which included only one code, (2) teaching NOS, which 
included codes 7-9, and (3) affective use ofHOS, which included codes 10-12. In the 
NOS category, theory change and the relationship between science and technology are 
two different aspects ofNOS. However, the teachers discussed technology changes in 
conjunction with theory change, so those two codes (7 and 8) were combined. Similarly, 
under affective use ofhistory, using HOS to reduce the appearance of physics as another 
math class was an aspect of generating student interest in physics, so codes 1 0 and 11 
were also combined. The three codes grouped under the third research question remained 
independent. 
Secondary data collection and analysis 
Following the primary collection and analysis of data, a secondary round of data 
collection, consisting only of interviews, was scheduled. In the codes developed through 
the initial analysis, some subjects had not given any response that could be included in a 
particular code. Therefore, the second round of interviews was used to ascertain each 
subject' s position regarding those codes in which they had not previously given any 
response. Additionally, the questions in the initial interview protocol were all phrased in 
terms of conceptual history. However, the subjects referred only to "history" and "history 
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of science" in their responses. One objective of the second interviews was to ascertain 
whether the subjects make a distinction between the broader history of science and the 
more specific conceptual history studied in ITOP. The interview protocol for the second 
interviews is given in Table 10. 
Table 10: Second Interview rotocol 
1. If you were to create a new course for your students that included only the readings 
on Aristotle, Galileo, Franklin, etc. from ITOP, what would you call that course? 
1.1. If the answer is uncodable in terms of the HOS/CHOP issue, the follow up 
question will be asked: in what subject area would you place that course? 
2. How would you describe the relationship between this hypothetical course and your 
current physics course? 
2.1. Assuming a student wanted to take both courses, would you recommend that 
your students take the hypothetical course before, after, or concurrently with 
your physics course? Why? 
3. You mentioned previously that you use historical content as part of your lesson on 
(fill in specifically for each subject). What are your specific instructional 
---
goals for the historical component of that lesson? 
4. Do you find that the historical readings from ITOP help you understand your 
students' thinking? 
4.1 . Do you communicate this directly to your students? Why? 
5. Would you prefer to incorporate more historical content into your physics class? 
5.1. If yes: What are the reasons you do not do so? 
5.2. If no: What difficulties did you experience in developing your current use of 
historical content? 
6. Some of the other teachers I worked with indicated that they changed their view of 
physics to a field involved in modeling and knowledge building as a result of the 
historical readings in ITOP. Would you agree with such a change? 
7. Some of the other teachers I worked with said they saw science as more of a 
unified whole as a result of the historical readings in ITOP. Do you attribute a 
similar unified view of science to the historical readings in ITOP? 
As with the primary interviews, the secondary interviews were semi-structured 
interviews. The interviewer was free to ask follow-up questions of the subjects to clarify 
answers. In addition, some questions were skipped for specific subjects if the question 
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did not apply to that subject; for example, Tom was not asked question 3, because he did 
not include any lessons with specific historical content. 
Most of the second interviews were conducted over the phone, and notes were 
taken during the interviews. To facilitate note taking during each interview, the 
researcher prepared a table of the second-level coding structure described above for each 
participant prior to the interview. Each table showed the coding structure with blanks in 
the codes where the participant to be interviewed had not given any response. This table 
also facilitated asking appropriate follow up questions of each subject until that subject's 
response to each code was known. 
The data from the second interviews was coded using the second level codes 
listed above that were developed from the initial data collection and analysis. No new 
codes or categories were developed from this additional data. The final results from all 
the data and analysis are presented in the following chapter. 
Possible threats to validity 
Previous ITOP pruiicipants, and subjects in this research, have commented that 
their teaching improves every year regardless of their participation in any professional 
development, so maturation is a possible alternative explanation of the subjects' changes 
in views or teaching. Interview questions regarding changes to the lesson from past 
offerings, and intended changes in the future are included specifically to identify 
maturation, and avoid erroneously attributing reported changes to ITOP. The interview 
questions were also stated in such a way as to ask the subjects to specifically link their 
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answers back to the influence of their involvement in ITOP. Again, the request for a 
specific link to ITOP was intended to avoid misinterpreting maturation effects as ITOP 
impacts. The member checks with the subjects also minimize the risk of maturation. 
A second potential threat to the validity of this work is the Hawthorne effect -
that the subjects would act or behave differently simply because ofthe presence of the 
researcher. To minimize the risk of this, the .subjects were only told ahead oftime that the 
project was a follow up study with ITOP participants. It was only after the interview that 
the focus of the study on history would have been apparent to the subjects. Only one 
subject, Nicole, presented a lesson that included history after the interview where the 
lesson presented before the interview did not include history. In that case, Nicole had 
assigned two possible projects to her students: build a water rocket, or make a 
presentation to the class about a historical scientist. While it is possible that the 
availability of a historical project was influenced by this research, the students who chose 
to do that project could not have been influenced by the research. 
A third possible threat to validity is researcher bias. The primary investigator in 
this project has been working with ITOP for six years. While that means he is very 
familiar with the content of the courses, it also means he may be predisposed to interpret 
the results to project a positive image of ITOP. To minimize this risk, the second 
researcher in the coding process had no connection to the ITOP project. That researcher 
is also an expert in history education and was consulted for advice in interpreting the 
subjects' use ofhistory. 
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CHAPTER FOUR: FINDINGS 
The main purpose of this study was to understand the subjects' perception and use 
of the history of science after their exposure to CHOP in the ITOP project courses. Case 
studies often subjects were constructed then qualitatively analyzed for common 
elements. The results ofthat analysis are presented here. First, an overview of the 
subjects in the research is presented, followed by a clarification of whether the subjects 
distinguish between CHOP and HOS, which arose from the analysis because the subjects 
used the terms "history" and "history of science," but not the specific "conceptual 
history" or "conceptual history of physics," when discussing their experiences. Following 
that, the common themes that emerged from the research will be presented, organized by 
the three research questions of this study. The first four common themes address the first 
research question of how the subjects understand their study of CHOP to have changed 
their thinking. The following five themes address the second question of how the subjects 
use HOS with their students. The final three themes address the question of what barriers 
to including HOS in their classes the subjects perceive. 
Overview of the Research Subjects 
The subjects in this research were ten high school physics teachers in Massachusetts. All 
had participated in ITOP by taking courses offered through Boston University. An 
overview of the subjects is presented in Table 11. In the table, the length of physics 
teaching experience and the number of ITOP courses taken are both indicated at the time 
ofthe researcher's observation of that subject's class. Many ofthe subjects teach multiple 
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levels of physics courses, as seen in Table 11. In each case, the first level listed is the 
level of course that was observed by the researcher. The "Test" column of Table 11 
indicates whether or not the subjects' class (or classes) is designed to prepare his or her 
students for an external test, either the AP exam or the MCAS exam. The final two 
columns of the table indicate the percentage of students testing Proficient or higher in 
1oth grade on the MCAS English and Language Arts (ELA) and any of the MCAS 
science (SCI) exams. Both of these columns are included to give a general sense of the 
academic environment of each subject's school. It should be noted that the state averages 
for these columns are 84% for the MCAS ELA and 67% for the MCAS SCI 
(Massachusetts Department of Elementary and Secondary Education [DESE], n.d.). 
T bl 11 0 a e : f verv1ew o researc h b' t SU I.JeC S 
Pseudonym Physics teaching ITOP Physics Test MCAS MCAS 
expenence courses courses taught ELA* sci* 
(years) taken 
Walt 12 10 
11th/12th AP 68 47 grade, AP 
Bryan 8 10 
9th grade, MCAS, 96 83 1 i 11 grade, AP AP 
Gabrielle 9 10 1 ill grade, 9th 92 67 grade --
Mason 9 10 11 til I 12 til grade AP 71 60 
Meghan 8 8 12tll grade -- 96 89 
Nicole 11 10 11 t11/12m grade -- 95 87 
Desmond 9 6 
9th grade, MCAS 96 83 12th grade 
Tim 4 7 AP, 12th grade AP 77 45 
Tom 4 8 9th grade MCAS 94 82 
Jermichael 5 6 9tll grade -- 68 --
th , MCAS scores are % Proficient or higher by 10 grade testmg at each subject s school 
(DESE, n.d.) . 
**MCAS science score is not reported for this school. 
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Distinguishing between history of science and conceptual history 
In the initial interviews, the research subjects all referred to "history" in 
discussing the conceptual history readings from the ITOP courses. All ten subjects 
commented that they thought the historical component of ITOP was "interesting," 
"enriching," or "memorable," and that they enjoyed learning about the history of physics. 
As a result, it was unclear whether the subjects made a distinction between CHOP and the 
broader HOS. To address this question, the second interviews began with a question 
about a hypothetical course created just from the CHOP readings. 
In discussing the hypothetical course based on the CHOP readings, all ten 
subjects indicated that such a course would be distinct from a course on the history of 
science. Bryan, for example said that the course could not be called "The History of 
Science" because that would be too broad. Instead, he preferred to call the course "The 
Early History of Physics," but was quick to add that he would focus on the historical 
underpinnings of the practice of science - using the example of Galileo ' s use of 
experimentation- rather than Sandwell-style (2005) school history. In a similar vein, 
Nicole discussed that the course would not be "simply a historical narrative," but would 
instead focus on the development of physical concepts. Neither Gabrielle, Tim, nor 
Meghan gave a title for the course, but all three discussed the course as a blend of history 
and physics similar to Nicole. 
Both Desmond and Walt initially suggested that the course be titled "The History 
of Science," but added that they saw that as a title that would be more appealing to their 
students, not necessarily descriptive of the course. They both said that a course built from 
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the CHOP readings would be in the area of philosophy in that it would focus on scientific 
reasoning around how and why ideas change. Mason similarly commented that such a 
course would emphasize critical thinking about science and developing logical reasoning 
skills, again focusing on changing ideas over time. Jermichael and Tom also discussed 
the change of ideas over time as an important component of such a course. In the end, the 
course title suggestions from this group included, "The History of Scientific Thought," 
"The History of our Understanding of Science," and "How Science Evolved." 
Although none of the subjects use the specific term, "conceptual history" to 
describe the hypothetical course, it was clear that they all distinguished CHOP from 
HOS. Bryan, Nicole, Gabrielle, Tim, and Meghan did so by stating that a hypothetical 
course based on CHOP readings from ITOP as something that could not be categorized as 
a pure history course. From the comments and examples given, this group characterized 
history as Sandwell ' s (2005) "school history." Desmond, Walt, Mason, Jermichael, and 
Tom described the course in terms of changing ideas through time, which is central to the 
idea of conceptual history (Koselleck, 2002). The subjects used the terms "history" and 
"history of science" as generic terms to discuss any historical content in their classes, 
whether it was narrative school history or the more specific conceptual history. 
History is separate from, but related to physics content 
The first theme to emerge from the analysis of the ten cases is that the majority of 
the subjects (eight of the ten, see Table 12) saw HOS as distinct from physics, in that it 
was not necessary to teach HOS as part of a physics course. However, they also indicated 
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that they saw HOS as related to physics, so there was ample reason to include HOS in a 
physics course, and openings to do so. 
Desmond's comments most clearly demonstrate the perceived relationship 
between HOS and physics content. In responding to interview questions about his 
experience in ITOP, Desmond said that he thought the history of science could be 
separated from the science content to be its own course. In discussing teaching his 
students, Desmond also distinguished the physics content from the historical studies. He 
said he sometimes considers a model in which he would teach physics to prepare his 
students for the MCAS exam in the first half of the year, and then spend the remaining 
Table 12: Research subjects finding HOS separate from but related to physics 
content 
Pseudonym Physics teaching ITOP Physics Test MCAS MCAS 
expenence courses courses ELA* scr* 
(years) taken taught 
Walt 12 10 
ll tn; 12tn AP 68 47 grade, AP 
9tn grade, MCAS, 
Bryan 8 10 12th grade, AP 96 83 
AP 
Gabrielle 9 10 1i" grade, 9th grade -- 92 67 
Mason 9 10 
11th/ 12th AP 71 60 grade 
Nicole 11 10 
11 thlli11 
95 87 grade --
Desmond 9 6 9
111 grade, 
1ih grade 
MCAS 96 83 
Tim 4 7 AP 1i
11 AP 
' 77 45 grade 
Tom 4 8 9u1 grade MCAS 94 82 
tn 
' MCAS scores are %Proficient or h1gher by 10 grade testmg at each subject s school 
(DESE, n.d .). 
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time teaching "the interest stuff," which included the history of science. In the interview, 
Desmond stated that he has not adopted this approach, because even though history and 
physics could be separated, the relationship between the two bodies of knowledge is also 
important. As Desmond said, "I don't know ifthat would work. It might just have to be 
done simultaneously and then they [the students] have to be ... explain to them that like, 
oh yeah, well, this stuff isn't going to be on the test." 
Walt also discussed the separation between physics content and history during 
interviews. Walt put his thoughts in this matter in terms of his and his students' ability to 
solve problems. Walt discussed the readings on the development ofthe atomic model 
from The Making ofthe Atomic Bomb (Rhodes, 1986). Walt said, "The book didn't 
enable me to go solve more physics problems." Similarly, Walt thought his top students 
in AP physics would score fours and fives on the AP physics exam without any mention 
of history, and in some cases, without Walt ' s presence in the classroom. On the other 
hand, studying the history of science does engender "a better and more thorough and 
more genuine understanding" of physics, according to Walt. Walt said that the 
understanding of physics from a typical textbook was useful, "but it's much more useful 
and much richer when you get a feeling for these people, and what their laboratories were 
like, and what worked and what didn't work, and all the problems they had." 
Tim, also during interviews, shared a similar viewpoint on the history of science, 
in particular distinguishing history from physics content: "I think in terms of me 
mastering the curriculum, I don't think it [history] helped me much." However, even 
during historical discussions, Tim distinguished the physics he learned from those 
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discussions as independent from the historical nature of the discussion. As Tim said: 
That was helpful to see how it [electricity] progressed from one idea all the way 
back to Franklin, and so ... How some things he was right and some things he was 
wrong. And I mean, that's different . . . I mean that's more of a concept. 
Tim viewed discussion of a concept embedded in a discussion of history as a discussion 
of physics. While he acknowledged that physics can be taught in a historical context, 
physics and history are still separate entities. 
Nicole considered history and physics to be separate bodies of knowledge, but 
found the relationship between them to be novel. During one interview, she said, "that' s 
new in terms ofnotjust looking at it separate. Okay, here's history of science, but sort of 
thinking about it in terms of how we understand physics." Even though the two domains 
are separate, Nicole now sees that there is a relationship between history and physics, and 
that they can be studied in terms of that relationship. 
Gabrielle suggested a more subtle relationship between history and physics that 
has an effect on her personally: 
Well, some of the readings, maybe the archaic readings, you might not think that 
they'll really come into your class, but I think they really do in a way. Because 
not only have I been exposed to them and to their ideas, and so . . . so I'm going to 
have more knowledge and more understanding, but also have more confidence. 
The separation of history and physics is evident by Gabrielle's initial thought that the 
historical readings might not come into her classroom. Since those readings are not part 
of the content she teaches, she thought she would have no reason to bring them up. 
However, her view that the historical ideas may have improved her understanding, and 
through that might find their way into her class, indicate that for her a relationship exists 
between physics content and its history. 
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Tom had a different way of expressing his view of the separation of and 
relationship between HOS and physics. In an interview, he talked about his own 
experience learning physics as an undergraduate student. He specifically recalled a 
discussion with his professor about the Cavendish experiment, and not having any idea 
what the professor was talking about. However, Tom said after he had worked some 
problems and understood gravitation, he thought the Cavendish experiment was, 
"awesome." While Tom shared only this one anecdote, he went on to explain that it was 
from this experience that he developed his position that history and physics should be 
separate initially, because he found that he could not appreciate the subtleties of the work 
ofhistorical physicists until he had a better grasp of physics concepts. However, once he 
was more advanced, he could grasp the historical development and see the relationship 
between history and physics. He said he now holds the view that studying HOS is more 
appropriate with more advanced students. 
It is worth noting that the practice he described was also observed in his class. In 
the interview following the first visit to Tom's class, he said he had "nailed the transition 
from mechanics to thermo," by relating thermodynamics to the motions of individual 
atoms and molecules in materials. The next class observed was a discussion of 
thermodynamics problems involving temperature and heat transfer. The students 
discussed the thermodynamic properties and processes in te1ms of molecular motion, and 
Tom projected simulations of molecular motions on the classroom projector. However, 
Tom said he had never discussed the ITOP readings on molecules and thermodynamics 
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(e.g. Maxwell, 1996) but that his students would be better able to grasp that work in the 
future. 
Mason and Bryan both made the distinction between HOS and physics in 
discussing the hypothetical course derived from !TOP's CHOP readings (described 
above) during their follow up interviews. Both Mason and Bryan said that such a course 
could be taken any time in relation to a physics course, which indicates the two courses, 
and by extension the disciplines of history and physics, are separate from each other. 
However, both Mason and Bryan also said that the ideal arrangement for a student 
wishing to take both the hypothetical course and a physics course would be to take the 
two courses concurrently because the students would benefit from the interconnections 
between the courses. Mason suggested that for maximum benefit, the two courses could 
be coordinated, like the ITOP courses, to study the historical development of a concept in 
one class at the same time that the concept is being taught in the other class. 
Meghan and Jermichael are the two subjects who were not included in this 
category. They are distinct from the others in that they both were observed teaching 
classes which incorporated CHOP as part of the physics lesson. In interviews, both 
Meghan and Jermichael also commented that studying the development of a concept was 
both a useful way of teaching, and an important part of understanding the concept. 
Because of their practice emphasizing conceptual history over school history, which will 
be more thoroughly described in the section on teaching content, their comments on the 
relationship between history and physics were more focused on the connection than the 
distinction. 
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In the model ofPCK adopted in this study, HOS represents part ofthe subjects ' 
knowledge of related content. The subjects' responses in this category address their views 
of the relationship between HOS and physics content. Because both are knowledge 
components of physics PCK (knowledge of physics content and knowledge of related 
content) the subjects' perceived changes to the relationship between HOS and physics 
content is also a change in their PCK. 
Physics is a philosophical endeavor 
The CHOP content of ITOP leads to discussions of scientific epistemology and 
ontology. For nine of the ten subjects (see Table 13) these philosophical discussions 
resulted in a change in how they view and teach physics. The subjects report that after 
studying CHOP, they view of physics as a discipline that is focused on these 
philosophical issues. Meghan, the one subject not included in this category, stated that 
she always held such a view of physics. 
Walt gave a very clear statement on how he views physics differently as a result 
ofhis study of the CHOP in ITOP: 
So it [CHOP] takes physics .. . I think it takes physics from a hard science to 
almost a branch of philosophy, if you know what I mean. Like a desire to 
understand .. . if philosophy seeks to understand who we are and what we are and 
why and how we are, all the big questions of ontology and epistemology, physics 
is very much involved in that. I think if you' re going to define self, and the 
universe, and physical reality, and subjective reality, you have to .. . you have to 
understand the world in which this all occurs. And I think we see a lot of that in 
the history writings, and we don't see it in say, a textbook. 
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Pseudonym Physics teaching ITOP Physics Test MCAS MCAS 
experience courses courses ELA* sci* 
(years) taken taught 
Walt 12 10 
11m/12m AP 68 47 grade, AP 
9tn grade, MCAS, 
Bryan 8 10 12th grade, AP 96 83 
AP 
Gabrielle 9 10 1i" grade, -- 92 67 9th grade 
Mason 9 10 
11 tnlli" AP 71 60 grade 
Nicole 11 10 
ll tn112m 95 87 grade --
Desmond 9 6 
9tn grade, 
lth grade 
MCAS 96 83 
4 7 
AP 1tn AP 
45 Tim ' 77 grade 
Tom 4 8 9tn grade MCAS 94 82 
Jermichael 5 6 9tn grade 68 ** -- --
* ,th 
' MCAS scores rue %Proficient or higher by 10 grade testmg at each subject s school 
(DESE, n.d.). 
**MCAS science score is not reported for this school. 
Walt was a philosophy major as an undergraduate student, and said he always had an 
"appreciation" for the historical background of physics, but hadn't integrated that 
background with his understanding of physics, or with his teaching. His previous view of 
the history of science was largely shaped by physics textbooks. Walt described the 
physics text account of history as, "this guy discovered this and this guy discovered that 
and therefore this and therefore this. And then so-and-so said this and combine those two, 
and boom, here 's the equation." 
Je1michael said he thought of science as a combination of humanities and math; 
the humanities part being philosophy and logic, and the math part being the ability to 
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apply that to quantitative problems. His undergraduate degree is in biochemistry, and he 
said it was his natural inclination to view and teach biology in this humanistic vein. 
Through the historical readings in ITOP, Jermichael came to see that physics was a 
similar endeavor. As he put it, "it was nice to see that it [physics] exists in a human 
world." Putting physics into a human world came through the addition of the 
philosophical perspective of physics in the CHOP readings, since the quantitative aspect 
of physics was already apparent to Jermichael. 
Tom also changed his conception of physics as a result of the CHOP component 
ofiTOP. He described the change in his thinking: 
I think initially my definition of physics would have been a way for us to explain 
the world. I think now my concept of what is physics is how do we model reality 
in a way that we can describe change? 
Modeling nature is a recurrent theme in the CHOP readings and discussions in ITOP. 
Tom has picked up this theme in his own thinking about the basic structure of physics. 
Mason also thinks of physics more in terms of modeling, and communicates this 
to his students. Starting from historical models of motion, Mason develops with his 
students a broad view of the nature of physics: "we look at the world and we try to 
describe it as best we can, and we make the models to describe it." Mason finds modeling 
easiest for his students in mechanics, because they can experimentally test the model. 
However, he said he does also try to "bring it back" to making models of the world with 
other physical concepts as well. 
Desmond described the influence of CHOP on his thinking as bringing out a 
philosophical sense of physics. He described the influence on his teaching by stating that 
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when he was new, it was easy for him to focus on solving problems. CHOP got him 
thinking more about conceptual development and understanding, and he described his 
current teaching as leading his students through the concepts. Desmond's description of 
his teaching matches with the activities observed in his class. During both lessons 
observed, students made presentations and discussed the application or development of 
physics concepts. 
When interviewed, Bryan and Nicole also discussed a shift in focus from 
algebraic problem solving to conceptual understanding in their thinking and in their 
teaching. Nicole said that she still sees the importance of problem solving, but added, "If 
you are thinking about what physics is today, it ' s not F=ma, it's more than that." She said 
that she tries to address the "philosophical leaps" with her classes. In a similar vein, 
Bryan said that after studying CHOP, he tries to emphasize major shifts in thinking, 
including the reasons and evidence for those shifts. Bryan said that he uses fewer 
problem sets as part of his teaching; he found that discussing the development of ideas 
has helped his students develop critical thinking skills. 
Gabrielle also discussed a view that is more focused on questions of epistemology 
and ontology. She said that she now sees physics as a knowledge-building activity, where 
asking the right question is valued. In particular through studying CHOP, she saw that it 
was acceptable to be (ultimately) wrong about a model, but the key was to focus on what 
evidence was available for the model. She tries to communicate this to her students too, 
but said that can be a challenge because the students understandably value getting the 
correct answer to a problem. Tim also discussed the difficulty of communicating this 
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view of physics to students. He said he works with students to understand that problem 
solving is important, but understanding the concepts behind the physical models is 
necessary to know which problems to solve. 
The ITOP approach to teaching CHOP through epistemic games brings out 
philosophical issues around the development of physical models. Nine ofthe ten subjects 
here reported that the CHOP discussions resulted in a transformed view of physics as a 
way of developing knowledge, with the tenth, Meghan, stating that she already espoused 
such a view of physics. For the nine subjects who reported a changed view of physics, 
that means that their knowledge of physics content has changed in their PCK. 
History provides a unifying perspective within physics and between other sciences 
CHOP materials used in ITOP span the time from ancient Greece to the mid-
twentieth century. The development of a particular concept might span a similarly broad 
time (e.g. chapter 3, table 3). Eight ofthe ten subjects (see Table 14) report that the 
examination of the development of physics over that broad time scale has led them to 
view physics as a more unified, coherent, and interconnected body of knowledge. They 
reported this as both within physics- a view that physics concepts were interrelated-
and between physics and other disciplines- a view that physics concepts were related to 
concepts in other fields. 
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Table 14: Subjects reporting a more unified view of physics 
Pseudonym Physics teaching ITOP Physics Test MCAS MCAS 
expenence courses courses ELA* sci* 
(years) taken taught 
9rn grade, MCAS, 
Bryan 8 10 12th grade, AP 96 83 
AP 
Mason 9 10 
11th/12th AP 71 60 grade 
Meghan 8 8 1i11 grade -- 96 89 
Nicole 11 10 
}} th/12Ul 
95 87 grade --
Desmond 9 6 
9t11 grade, MCAS 96 83 1ih grade 
7 AP Ii
11 AP Tim 4 ' 77 45 grade 
Tom 4 8 9111 grade MCAS 94 82 
Jermichael 5 6 9tn grade -- 68 --
¥ th 
' MCAS scores are % Proficient or higher by 10 grade testmg at each subject s school 
(DESE, n.d.). 
**MCAS science score is not reported for this school. 
Bryan commented that the philosophical view of physics, discussed previously, 
led directly to his sense of unity within physics and among natural sciences. He saw the 
epistemological basis of science in general as the unifying principle among disciplines. 
Bryan also discussed some concepts that are useful in multiple disciplinary contexts: one 
example being the atom at the basis of understanding chemistry, but also important in 
physics. 
Jermichael said he also sees physics as generally more connected to other 
disciplines as a result ofthe historical readings in ITOP. However, distinct from Bryan, 
Jermichael focused on the unity of concepts between physics and other disciplines. In 
addition to physics, Jermichael teaches biology at his school. He uses physical concepts 
to build his students' understanding of biology: 
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Like when you talk about energy transfer, you know, like when a biologist is 
teaching this stuff, it's kind of. .. It's very complicated and there aren't reasons for 
a lot of things, you know, because biology is a complex series of, like, non-linear 
relationships. You know, it's like an explosion ofthings going on. But when you 
look at all of these things from a physical and chemical point of view, then all of a 
sudden you start to see the linear connections and you get a web of ideas, you 
know, and then you've got facts to back things up. 
Jermichael described physics as the most basic of all sciences, and that is why he uses it 
as the basis for complex topics in biology. Moreover Jermichael now sees science as a 
"web of ideas" connecting all science disciplines. 
Meghan also teaches multiple disciplines at her school: physics and chemistry. 
She said that ITOP helped her chemistry teaching- in particular the nuclear physics and 
history of atomic models, because she discusses historical models of atoms with her 
students. Moreover, the CHOP component showed Meghan that "it all does kind of fit 
together. And to me, it seems like it makes things a little less arbitrary." Like Jermichael, 
Meghan said she sees different science disciplines as a part of a more unified whole, in 
which concepts from one discipline can provide a rationale for ideas in different 
disciplines. 
The idea of disciplines was important to many of the subjects in this category. 
Mason summarized it by saying, "Aristotle didn' t work in disciplines." Through reading 
the work of historical scientists, Mason saw the combination of different disciplines. 
Nicole and Tom also discussed seeing new connections between physics, chemistry, and 
biology through the CHOP readings. Tom expressed this as: 
I really did learn a lot from the historical approach to it, and I wish I had these 
kids for three years, so that we could -- weave Physics in and out of Biology and 
Chemistry the way that it was originally kind of done. Because I feel like there ' s a 
lot of those kind of-- well, I just went into three different tracks there ... So 
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there ' s an interconnectedness in science, that I think we don't offer, by breaking it 
up in a year - into year formats. 
Tim echoed this sentiment in that he said he sees more cross-curricular opportunities for 
him and his students as a result of understanding where the ideas in the disciplines 
originated. 
Tom also saw a greater unity within physics as a result of the historical readings. 
By studying the historical development of the understanding of heat, Tom realized the 
conceptual connection between the mechanics that he studies at the beginning of the year 
and the thermodynamics he teaches later. The collisions between the atoms or molecules 
of objects can be understood mechanically, and provide the basis for energy transfer 
between objects of different temperatures. Tom uses this idea as a bridge between 
mechanics and thermodynamics with his students. 
Desmond also sees physics as more interconnected from his study of CHOP. Like 
Tom, he focused on transitions and links between apparently disparate topics within 
physics. He noted that the macroscopic understanding of thermodynamics is based on an 
understanding of microscopic motion as one specific example where history has been a 
unifying force. Desmond also teaches a unit on atomic structure (described below) which 
is part of the Massachusetts high school chemistry frameworks. This underscored 
Desmond' s interconnected view of physics with other disciplines. Overall, Desmond 
described his course as following the "arc of the history of physics" and he sees the 
historical development of physics as the organizing principle for his approach to physics 
teaching. 
Studying CHOP fostered a more unified view of the field of physics in particular, 
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and natural science as a whole, in eight of the subjects. Two subjects, Walt and 
Gabrielle, did not agree that studying CHOP changed their view of physics to a more 
unified discipline. Walt said that he already held this view, but he could see how CHOP 
supported this view in the others- as Walt said, "It's all natural philosophy." In this light, 
studying CHOP has both changed the subjects' view of physics, and also changed their 
view of the relationship between physics and other sciences. This category relates to the 
subjects' changed PCK through a change to their knowledge of related content and a 
change to their knowledge of content in the form of a different view of the discipline of 
physics. 
Historical ideas min-or student misconceptions 
Through reading and discussing CHOP as part ofiTOP courses, the participants 
see how the conception of physical ideas has changed over time. Historical conceptions, 
now considered incon-ect, were based on observations made by scientists of previous 
generations. In some cases, students may have similar experiences, leading them to 
similar ideas about physical concepts. All ten subjects (see Table 15) stated that CHOP 
helped them understand their students' preconceptions. 
Walt sees that students' problems often have historical analogs. "A lot of the 
misconceptions that these kids hold, quite often, are historical misconceptions, it seems." 
Knowing that his students' thinking min-ors historical thinking allows him to address the 
problem with his students through history as well. Walt said he can bring up the historical 
ideas with his students, and help them reason to the modem understanding. He will say to 
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his students, "This is what people thought about heat flow, about the flow of electricity, 
but these days we have a different understanding." Because of this, Walt said he found 
the historical progression studied in ITOP valuable as a teaching tool. 
T bl 15 S b' t a e : u 'JeC s usmg CHOPt d t d t d t o un ers an s u en f preconcep110ns 
Pseudonym Physics teaching ITOP Physics Test MCAS MCAS 
expenence courses courses ELA* sci* 
(years) taken taught 
Walt 12 10 11 
th112m AP 68 47 grade, AP 
9th grade, MCAS, 
Bryan 8 10 12th grade, AP 96 83 
AP 
Gabrielle 9 10 
12th grade, 
-- 92 67 91h grade 
Mason 9 10 
11th/lin AP 71 60 grade 
Meghan 8 8 1i11 grade -- 96 89 
Nicole 11 10 11 
tn;12tn 95 87 grade --
Desmond 9 6 9m grade, 1ih grade 
MCAS 96 83 
Tim 4 7 
AP 12tn AP 
' 77 45 grade 
Tom 4 8 91h grade MCAS 94 82 
Jermichael 5 6 9tn grade 68 ,. -- --
. th 
' MCAS scores are% Proficient or higher by 10 grade testmg at each subject s school 
(DESE, n.d.). 
**MCAS science score is not reported for this school. 
Meghan also noted parallels between historical ideas of physics and her students' 
thinking: 
It [history] also helps with the student understanding because oftentimes the 
students . .. It often really does seem like that when they're not quite getting it, 
they are seeing it in a way that historically was a past viewpoint that was 
predominant. And so, seeing that, it's easier to just kind of. . . You're working on 
the progression towards the modem idea. 
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This parallel between history and student thinking gave Meghan a tool not only to 
understand her students' thoughts, but also to guide them to a modem understanding of 
physics. Meghan found that the historical explanations of concepts were clearer than 
modem explanations. "The explanation is truly as if this has never been heard or seen 
before, which it hadn't in those papers." Those clear explanations that led to transitions in 
the thinking of the scientific community are also helpful to Meghan in changing her 
students' minds when they exhibit the same historical misconceptions. 
Like Meghan, Nicole saw history as both a mirror of her students' thinking and a 
tool for changing that thinking. Nicole used the example ofNewton's laws. Her students 
can memorize Newton's laws, but then make statements contrary to those laws shortly 
after stating them. The historical conceptions that differ from Newton mirror her 
students' misconceptions about motion. She said that, "going through the history allows 
you to state those contradictions and then come back and sort of compare and contrast 
what they're saying." The historical misconceptions can be discussed explicitly as a way 
to help her students develop a modem understanding of physics. 
Like Nicole, Desmond, Tim, and Tom also each discussed the value of CHOP for 
understanding what their students think. Desmond said that not only does he use CHOP 
to understand his students' thinking, sometimes CHOP might suggest a particular 
experiment to help change a student's mind about a pmiicular concept. On the other hand, 
Tim and Tom both said they were unlikely to use any historically motivated materials to 
foster conceptual change in their students. However, both Tim and Tom said their own 
understanding of CHOP helped them understand when and why their students would 
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make mistakes in certain areas. 
Mason, Bryan, and Gabrielle similarly mentioned using history to characterize 
their students' thinking in mechanics. All three mentioned historically characterizing 
their students' thinking as Aristotelian, Galilean, or Newtonian. Mason and Gabrielle in 
particular said they would discuss this directly with their students- that their goal was for 
their students to "think like Newton," and when the students were not thinking like 
Newton, their thinking was in parallel with Galileo or Aristotle. 
J ermichael too characterized his students' misconceptions about mechanics in 
terms of historical conceptions. In particular, Jermichael discussed Newton's first law 
and the concept of inertia. J ermichael finds that the historical conceptions of inertia 
provide good scaffolding for his students to build their understanding. Like Meghan, he 
finds the historical arguments and explanations helpful. His students generally accept the 
arguments of historical scientists as to what is incorrect about the concept of inertia that 
prevailed previously. Through history, Jermichael is not only better able to characterize 
his students' thinking, but help them develop modem concepts of physics. 
Overall, all ten subjects in this research found CHOP to be helpful to them in 
understanding their students' conceptions of physics. Through their interviews, each of 
the subjects discussed their improved understanding of students' comments as coming 
directly from studying CHOP. However, it should be noted that historical analogs of 
student misconceptions is a common theme in physics education research (PER) 
literature. ITOP courses include the study of PER literature, some of which (e.g. Clement, 
1982; Halloun & Hestenes, 1985) were read in ITOP, and therefore by all subjects in this 
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study. Therefore, despite the subjects' comments, their understanding of their students' 
preconceptions cannot be unambiguously traced to the CHOP portion ofiTOP, given the 
subjects' additional exposure to this idea through the PER literature. 
The category of changed PCK is in the area of knowledge of common difficulties 
and preconceptions since the subjects now understand some difficulties and 
preconceptions to have historical analogs. 
Teaching physics content 
The previous four categories all emerged from the subjects' discussions and 
descriptions of their experience from learning CHOP through ITOP. There is a shift in 
emphasis with the current category and the four that follow. These five categories 
emerged from the subjects discussing how they use HOS with their students. In the 
present category, examples of teaching physics content, the eight subjects listed in Table 
16 discussed teaching physics content through CHOP, which is a subset ofHOS. All of 
the subjects specifically discussed the development of physics concepts, so these uses of 
HOS are all examples of CHOP. Within this category, five ofthe subjects were observed 
using CHOP as part of their lesson, while the remaining three provided student 
worksheets from classes that were not observed as examples of how they teach physics 
concepts through history. 
The first example of teaching physics content with history comes from the 
observation of Walt's class. Walt was in his second class meeting on DC circuits, and had 
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Table 16: Subjects using CHOP to teach physics content 
Pseudonym Physics teaching ITOP · Physics Test MCAS MCAS 
expenence courses courses taught ELA* scr* 
(years) taken 
Walt 12 10 
11 th/1ih AP 68 47 grade, AP 
Bryan 8 10 9tn grade, 1 i" MCAS, 96 83 grade, AP AP 
Gabrielle 9 10 
1 in grade, 9tn 
92 67 grade --
Mason 9 10 11 tn 11 in grade AP 71 60 
Meghan 8 8 1i" grade -- 96 89 
Nicole 11 10 11th I 1 ih grade -- 95 87 
Desmond 9 6 9th grade, 12
111 MCAS 96 83 grade 
Jermichael 5 6 9th grade -- 68 --
¥ tn 
' MCAS scores are% Proficient or higher by 10 grade testmg at each subject s school 
(DESE, n.d.). 
**MCAS science score is not reported for this school. 
his students working on a virtual lab - using a PhET2 simulation of DC circuits. In the 
previous class, Walt had introduced electric circuits to his students, and discussed with 
them that in a DC circuit, the current will flow from high voltage to low voltage. 
However, the PhET simulation showed electrons moving in the circuit from low voltage 
to high voltage. Each student was working individually with his or her own computer on 
the simulation. After a few students had asked Walt about the apparent difference 
between what they discussed in the previous class and what they were seeing, Walt called 
the class together for a group discussion. 
Walt asked the class to recall a previous discussion about Ben Franklin and his 
2 PhET refers to the Physics Education Technology project at the University of Colorado at 
Boulder. They maintain a library of simulations for teaching physics, chemistry, and Biology 
accessible at http://phet.colorado.edu/. 
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confusion about positive electrical fluid. This discussion had taken place during the static 
electricity unit, and was not observed in this project. However, Walt reminded the class 
that Franklin thought a positive fluid was being added to objects that were positively 
charged. Walt asked the class what was really happening; they replied that electrons were 
leaving objects that became positively charged. Walt pointed out that the conventions for 
current flow were set up before people knew those details of what was happening. He 
said that the "conventional current" flows from positive to negative, as discussed in the 
previous class, but that electron flow would move the other way. He pointed out that for 
many things- importantly for this lesson, light bulbs- this distinction didn't matter. He 
told the class that when they progressed to study induction later in the year, that 
discussion would be based on the idea of conventional current. Through this brief 
reminder of a previous discussion of history, Walt was able to connect the idea of 
conventional current as presented in the textbook and in the previous class with the PhET 
simulation's presentation of electron movement. 
Mason also recalled a previous discussion during one of the observed classes. In 
this case, he was discussing electrostatics with his students. They had performed an 
experiment in which they rubbed different materials together to charge them, and then 
investigated whether the charged materials attracted or repelled each other. Mason 
reminded the students of their previous discussion of Ben Franklin's similar work. In 
discussing the lesson after class, Mason pointed out the static generator he had built, 
based on Franklin's ideas, as part of an ITOP course was still in his classroom. 
A third example of teaching physics content through CHOP comes from Bryan 
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and Desmond. Bryan and Desmond knew each other independently of their involvement 
in ITOP. They co-developed and now both use a project on historical atomic models that 
is appropriate for ninth-grade physics students. For both Bryan and Desmond, this unit 
serves as an introduction to atoms and as a bridge from mechanics to thermodynamics. 
They situate this project between mechanics and thermodynamics because in 
thermodynamics, they will be considering the motion of atoms. Desmond pointed out that 
the students need to have some concept of what an atom is in order for his discussion of 
thermodynamics to make sense. 
The atom project is structured as an individual research project. Each student is 
assigned to prepare a poster on a scientist and present the scientist's work to the rest of 
the class. Figure 5 shows an excerpt of the assigmnent sheet Desmond passed out to his 
students 
Figure 5: Excerpt of Desmond's atomic model project assignment 
Student Objectives 
1) Explain scientists ideas about the structure of the atom over the 'last century 
2) Describe the scientific underpinnings of the different models that have been 
proposed 
3) Communicate the progression of ideas about the structure of the atom through 
words and pictures . 
Background: 
The present-day model of the atom has evolved over many years. The history behind 
our current thinking about the atom is an interesting example of how scientific ideas 
change as a result of experimentation. Each student must include the components of 
the atom and their relationship in their model. Each student must include basic 
biographical information about their scientist, placing them in their time period. 
Bryan described the project: "we go through some of the models of the atom and you 
know, what was the first model and how did that change, and it's all about new evidence, 
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new supporting or experimental data changes that model." Similarly, Desmond reminded 
his students that they "might find that some of the things your scientist found turned out 
to be wrong. That's okay- they're working on the model- focus on how the model 
changed." 
During the students' presentations in Desmond's class, they described the work of 
each scientist, and the changes to the understanding of the atomic model from that 
scientist's work. Figure 6 is a section of a student's poster on J.J. Thompson from 
Desmond' s class showing how the one student depicted the change. Posters from other 
students, detailing the work of other scientists, also showed images of what that 
scientist ' s atomic model looked like. Through the series of presentations, which took 
place in Desmond's class over two days, the students saw the evolution of atomic models 
Figure 6: Evolution of atomic model depicted by Desmond's student 
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from Democritus through the Schrodinger. Bryan's class created similar posters that 
showed the development of atomic models over the same span. 
Meghan also teaches physics content through the use of history. In a class that 
was observed, Meghan was beginning to discuss light with her students. Meghan began 
the class with a brief discussion of early concepts of light, and the evolution to the 
present concept of light (see Figure 7a-b). 
Meghan then moved on to discussing the speed of light (see Figure 7c-d). She 
asked her student how they would measure the speed of light. One student suggested 
using a "speed gun," but Meghan pointed out that a radar gun would only work with a 
solid object. Another student suggested that one could time light's travel over a known 
distance to find the speed - Meghan agreed that would be straightforward, and the speed 
would simply be the distance traveled divided by the time it took. Meghan then explained 
Roemer's attempt to measure the speed oflight by observing Jupiter's moon Io (see 
Figure 7c). Meghan followed that slide with a video that reviewed Galileo's attempt to 
measure the speed oflight by using signal lanterns on two hilltops and Roemer's 
observations. The video also related the speed oflight to the speed of sound and the 
ability to measure the distance to a lightning strike. Meghan asked the students what they 
got from the video, and they said that light did not travel instantaneously, and that sound 
was significantly slower. 
Meghan then discussed Michelson's experiment to measure the speed of light 
(Figure 7d). She explained the experiment in the context of Galileo's attempt to measure 
the speed of light, and showed a brief video of Michelson describing and demonstrating 
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his experiment. Meghan then gave the accepted value for the speed of light. Since the 
students were already familiar with using lightning and thunder to gauge the distance to 
storms, Meghan put the speed of light in context with astronomical measurements: the 
sun is 8 light minutes away and the nearest star is 4 light years away. 
Figure 7: Meghan's lecture slides on light 
a 
c 
Early Concept of Light 
• 500 BC -light is streamers emitted by the 
eye that make contact with the object 
(Socrates, Plato) 
• Pythagoreans from Greece believed that 
light traveled as particles to the eye 
• Other Greeks thought it traveled as waves 
• Einstein described massless particles of 
electromagnetic energy - photons 
Speed of Light 
• Roemer measured the time for lo (a moon) 
to orbit Jupiter in 1675 
• The time varied depending on the position 
of earth's orbit with the sun 
• When earth moving away from Jupiter, the 
period seem longer. 
• When earth moving toward Jupiter, period 
was shorter 
b 
d 
Present Model of Light 
• Light has both particle and wave nature 
• Electromagnetic wave 
• A unit quantity of light is a photon 
~1995B. M . Tissue 
~eda.(X)l'lt 
propagation 
direction 
Michelson's Experiment 
• Accurately measured the speed of light on 
earth in 1880 
• first American to win the Nobel prize in 
1907 
• reflected light from a mirror 35 km away 
• spinning octagonal mirror allowed him to 
measure the time it took 
• 299,920 km/s 300,000 km/s 
Gabrielle also described a lesson on light using CHOP, although in Gabrielle's 
case, the lesson was about electromagnetic waves in general. To introduce the topic, she 
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developed a web quest for her students in which they visited a web site about 
electromagnetic waves (http://imagers.gsfc.nasa.gov/ems/ems.html). Gabrielle provided a 
copy of this web quest as an example of her use of CHOP in class. The worksheet 
specifically asks her students about Maxwell and Hertz: "How did James Maxwell 
discover electromagnetic waves," and "Who is Heinrich Hertz and what is he famous 
for," are the two specific questions for the students. Gabrielle said that in the follow up 
discussion to this, she discusses Maxwell's theoretical developments, Hertz's observation 
of radio waves, and the "change of thought" that accompanied their work. 
Meghan provided further examples of her use of history in teaching science 
content. In both her chemistry and physics classes, she has her students work in groups to 
research the work of historical scientists and present that work to the class. In her 
chemistry class, she has the students work on historical atomic models. 
In her physics class, Meghan has them study the development of the 
understanding of inertia. Meghan adapted the ITOP method of discussing history for her 
students by creating tables for both of these classes that her students fill out during the 
presentations. Meghan's table from the inertia project in her physics class is shown in 
Figure 8. She uses a similar table on atomic models with her chemistry students. Meghan 
said she made the tables because she found that to be a useful way to connect the history 
with the physics content: "that may have not been like a direct lesson that was intended, 
but it works very well, because [the ITOP instructor] would often do that to help us 
synthesize the history." 
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Figure 8: Meghan's historical comparison table for inertia 
Name Historical Time Source of Fame Interesting Trivia Contribution to Inertia 
Frame 
Aristotle 
Ibn ai-Haytham 
Nicolaus 
Copernicus 
Galileo Galilei 
Isaac Newton 
-· 
Nicole also provided an example of how she uses CHOP with her students, drawn 
from a class that was not observed. In Nicole's case, the example is similar to that of 
Meghan above. Nicole has her students answer questions about moving objects based on 
historical models (see Figure 9). Prior to this, she provides her students with resources to 
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Figure 9: Nicole's historical motion table 
Your Aristotle's Medieval Scientists Galileo•s 
explanation explanation explanations eA.-planation 
How do we describe 
motion? With words 
and/or numbers? What 
quantities describe 
motion? 
What is the natural st ate 
of motion? From what 
frame of reference is 
motion considered? 
·what causes an object to 
move along at a constant 
velocity? 
What causes a moving 
objectto speed up? 
What causes a moving 
object to slow dO\vn? 
read about Aristotle, Buridan and Oreseme (the Medieval Scientists below), and Galileo. 
Jermichael teaches his inertia unit through tracing the historical development of 
the idea. Jermichaels ' inertia unit is so infused with history that Jermichael characterized 
it as a "history class." He has his students read the historical background of inertia. In 
order to ensure that his students understand the reading, he also has them answer reading 
questions on the historical content. Some of the reading questions Jermichael uses are in 
Figure 10. 
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Figure 10: Sample of Jermichael's reading questions on history 
l. How did Aristotle describe natural motion? 
2 . How did Aristotle describe violent motion? 
3. \Vha.t is the importanUhing about definingvio1entmotion? 
4 . Before Copernicus everyone thought that the sun and the stars went around the 
Earth while the Earth stayed in one place. Vlhy do you think people thoughtthis? 
(The answer is not in the reading.) 
5. Copernicus had some observations about the night sky full of stars and planets that 
led him to make an assumption. What was that assumption?\Vhy do you think 
Copernicus did not share this information until his last days on Earth? 
6. \Vhatwas one ofGalileo's great contributions to physics? 
7. What wouldhappen ifthere \Vere no friction? 
8. Describe the experiments Gali1eo did 
9. Is Newton's first law related to Galileo 's idea of inertia? 
Following the reading, Jermichael holds class discussions about the historical 
ideas of inertia and the development through Newton's first law. As a culmination of the 
unit, each of J ermichael' s students writes a paper on the history of inertia and the 
evolution of our understanding of motion. The students' papers discuss the major 
contributions of Aristotle, Galileo, Descartes, and Newton to the description and 
understanding of the motion of objects. One student summarized the development of 
Newton' s first law as follows: 
Aristotle began this idea of motion by simply just viewing what was around him, 
which he took to be fact. Galileo then used what he saw with a thought 
experiment to prove what Aristotle observed as wrong. Rene Descartes then 
tweaked the idea again with his knowledge of collision and contact forces 
effecting [sic] the motion. Newton then used every strategy available, along with 
the trials and errors of his predecessors, to perfect an idea into a law. 
Jermichael said he thought his students understood inertia better from the historical 
approach than they did without it, although he stated he did not have any objective 
measure of that. In thinking about this approach to teaching inertia, Jermichael said, 
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"even if the history is not helping [students understand inertia], it works really well." 
In this section, eight of the ten subjects discussed ways in which they use CHOP 
to teach physics content. Each example that the subjects discussed was also backed up by 
either a classroom observation of the discussion (Walt, Mason, Meghan, Desmond, and 
Jermichael), providing student work samples from the lesson (Desmond, Bryan, and 
Jermichael), or providing blank student worksheets used in the lesson (Gabrielle, 
Meghan, and Nicole) in the case that the classroom observations were not timed such that 
student work samples from the lesson were available. The most common examples given 
were the development ofthe atom (N=3) and the development of mechanics (N=3), 
however light or electromagnetic waves (N=2) were also discussed, as well as static 
electricity (N=l) and electric circuit (N=l) examples. 
The examples provided by the subjects in this category can be related to changes 
in their PCK. One change to PCK evident here is a change to the subjects' knowledge of 
pedagogy. The subjects were adopting new teaching methods and strategies as they 
taught physics content with CHOP. Also, the subjects necessarily related their knowledge 
ofHOS to their knowledge of physics to adopt this approach to teaching. Therefore, a 
relationship between their knowledge of related content (HOS) and their knowledge of 
content (physics) is an additional change to their PCK reflected by this category. 
Teaching theory change 
All ten subjects in this study (see Table 17) discussed a lesson in which they 
taught that scientific theories change over time, and in which teaching that theory change 
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was an instructional goal ofthe lesson. These lessons were also either observed, the 
student worksheets from them were provided, or student work from the lesson was 
provided. The examples in this category are examples ofthe use of CHOP because they 
look at the change in understanding over time. 
Table 17: Subjects using CHOP to teach theory change 
Pseudonym Physics teaching ITOP Physics Test MCAS MCAS 
experience courses courses ELA* sci* 
(years) taken taught 
Walt 12 10 
ll tn; 12tn AP 68 47 grade, AP 
9tn grade, MCAS, 
Bryan 8 10 12th grade, AP 96 83 
AP 
Gabrielle 9 10 lin grade, 9th grade -- 92 67 
Mason 9 10 
11 tn/lin AP 
71 60 grade 
Meghan 8 8 lin grade 
-- 96 89 
Nicole 11 10 
1l tn; 12tn 95 87 grade --
Desmond 9 6 
9tn grade, 
lih grade 
MCAS 96 83 
7 
AP lin AP Tim 4 ' 77 45 grade 
Tom 4 8 9tn grade MCAS 94 82 
Jermichael 5 6 9th grade 68 ** -- --
.. th 
' MCAS scores are% Proficient or htgher by 10 grade testmg at each subJect s school 
(DESE, n.d.). 
**MCAS science score is not repmted for this school. 
Walt, Bryan, Mason, Gabrielle, Meghan, Nicole, Desmond, and Jermichael teach 
theory change through the content lessons discussed above. Meghan considers theory 
change an important aspect of science for her students to understand: 
You know, people have one belief about something, and then you get more data, 
and it changes; and there it becomes a new predominant theory, and that changes. 
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And I think that's a really important understanding that needs to be developed, 
because that's one thing about science that will be true forever, and it doesn't 
matter about the discipline; and because what might be held as a predominant 
theory in some fields, may change significantly in a student' s lifetime. 
Meghan said she tries to make sure her students understand the evidence and reasoning 
behind major changes to scientific understanding. 
Jermichael also uses his inertia unit shown above to teach theory change. Like 
Meghan, he focuses on the logic behind theory change, coming from new evidence to 
support a new model. Bryan and Desmond also use their atomic model research project to 
discuss theory change with their students, again through the ideas and the evidence for 
those ideas that lead to each change. Bryan described this aspect of the nature of science 
in the atom project: 
When we do [the atom project], it's built upon this idea that .. . we learn about 
this, and then this new idea conflicted, and then there was a new experiment done 
and it showed you know, this wasn' t true or this was true and therefore we have to 
conclude, so a lot of that, I think they -- we follow that from the earlier models all 
the way through to somewhat present-day models. 
Desmond expressed a similar view of the atom project, and in class emphasized to the 
students the nature of models in all the work on the atom: since atoms cannot be seen 
directly, all of the scientists under discussion are trying to infer the structure of atoms 
from the experimental evidence, and as new information becomes available, the model is 
changed. 
Another way in which Desmond teaches theory change is to create historical 
vignettes that he discusses with his students. One example he provided of this type of 
material is a two-page worksheet he created about the boring of cannons during the 
American Revolution. In this case, Count Rumford, a British loyalist living in Woburn 
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MA was credited with discovering that boring cannons under water would allow the heat 
to be carried away, but also that heat would be produced as long as the drill was working. 
Desmond's worksheet gives a brief description of caloric theory, which was the 
predominant theory of heat at the time, and then states that this finding was in 
contradiction with that theory. The worksheet then introduces Joule and the idea that heat 
was related to energy. Desmond's worksheet also relates to another aspect of NOS; that 
technology affects the progress of science. He states that Joule that he had better 
thermometers than Rumford, and was thus able to measure temperature changes more 
accurately. Joule was thus able to link the temperature change in water to mechanical 
work. The worksheet ends with a few questions relating to work and energy. 
Gabrielle discusses theory change differently with her different groups of 
students. Gabrielle said she typically includes a "blurb" about a historical scientist as part 
of every unit, especially in her ninth-grade class. She discusses with her students that the 
ideas of the historical scientists were reasonable based on the evidence they had at the 
time. She then discusses the role of new evidence in changing the ideas about physics. 
With her 1 ih -grade class, Gabrielle discusses "grey areas" in the development of ideas to 
her students. To do this, Gabrielle focuses on controversies and uncertainties: "You know 
when they did Rutherford's Gold Foil Experiment ... that experiment was done by other 
people. You know, different things were going on at that time. They're not sure what the 
results meant." She said she thought this is a more realistic view of the world for her 
seniors -that things were not as "black and white" as they seem in the text. 
Tom also uses brief historical stories to address theory change. As Tom stated 
94 
earlier, he sees physics primarily as a modeling activity. By discussing the work of 
historical physicists - he gave the examples of Hertz and Galileo - he teaches his 
students that the models that physicists use also change over time. While he does not 
teach the historical models in detail, he said he does make a point of discussing the 
change in models based on new theoretical developments and/or observations. 
Tim has one major historical project that he does with his students. For both his 
AP and non-AP senior physics classes, Tim assigns a research paper on a historical 
scientist to each student. The project assignment handout to the class states, "Ideas have 
been evolving throughout the years into what we now learn about in this class." Each 
student prepares a short paper on his or her scientist including a biography, the scientist's 
contributions and some details about their work that led to those contributions. Each 
student also presents his or her scientist to the class. Following the presentations, Tim 
gives a quiz to match the scientist with his or her major contribution. Tim said that 
through this project, his students see the evolution of physics. 
Mason also links discussions oftheory change and the role of technology in the 
development of models. With his honors physics class, he talks about how Aristotle 
relied only on what he could see to develop his model of kinematics. However, Galileo 
used different instruments, and was thus able to come up with a different model to 
describe the motion of objects. Mason has his AP physics students explore technology 
and theory change through an experiment, "Galileo Today and 'g."' He has them do a lab 
which requires the students to research and repeat Galileo's experiment of a ball rolling 
down an inclined ramp. The students use a dynamics cart instead of a marble, but they 
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perform the experiment first as Galileo did, timing the progress of with a water clock. 
They repeat the experiment using a stopwatch, again using photogates, and finally using 
an ultrasonic distance sensor to measure the time that the cart takes to travel down 
sections of the ramp. In the analysis ofthis lab, the students are asked to calculate the 
cart's acceleration down the ramp based on all four sets of data. They compare their 
measured acceleration to that predicted by Newton's second law and g=9.81m/s2• In this 
way, the different measuring techniques developed over time, and the scientific 
conclusions based on those measurement, can be compared. 
All ten subjects discussed the theory change aspect ofNOS as an important 
concept to teach to their students. Moreover, they discussed their use of CHOP to teach 
this aspect of NOS. Because this category focuses on teaching the idea of conceptual 
evolution over time, the examples given were embedded in the lessons designed to teach 
content with CHOP. This category represents the subjects forming a relationship between 
their knowledge of educational aims, in that NOS topics are part of the curriculum 
frameworks, and their knowledge of the related content area ofHOS, and again in this 
case, the specific HOS subset of CHOP. 
Teaching science as a communal activity 
A second aspect ofNOS taught through history was that science progresses 
through the work of several people. As with teaching the theory change aspect of NOS, 
many of the subjects discussed this in the context of other lessons that included CHOP. 
However, this can also be taught through historical information that does not necessarily 
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focus on conceptual development. Nine ofthe ten subjects (see Table 18) discussed 
examples of addressing this idea with their students. Three of those subjects were 
observed in class teaching science as a communal activity, and the remaining subjects 
provided student work or worksheets that address the communal aspect of NOS. 
Table 18: Subjects using CHOP to teach science as a communal activity 
Pseudonym Physics teaching ITOP Physics Test MCAS MCAS 
expenence courses courses taught ELA* scr* 
(years) taken 
Walt 12 10 
11 tn/lin AP 68 47 grade, AP 
Bryan 8 10 
9tn grade, 1 in MCAS, 96 83 grade, AP AP 
Gabrielle 9 10 1 in grade, 9
111 
-- 92 67 grade 
Mason 9 10 11 111/121n grade AP 71 60 
Meghan 8 8 1i11 grade -- 96 89 
Nicole 11 10 11 u11li11 grade -- 95 87 
Desmond 9 6 
91n grade, 12 tn MCAS 96 83 grade 
Tim 4 7 AP, 1 i 11 grade AP 77 45 
Jermichael 5 6 9111 grade 68 "' "' -- --
tn 
' MCAS scores are %Proficient or higher by 10 grade testmg at each subject s school 
(DESE, n.d.). 
**MCAS science score is not reported for this school. 
Bryan, Desmond, Meghan, and Jermichael all discussed the communal nature of 
science as a part of their physics content lessons above. J ermichael commented that he 
thought it was important for his students to see how a series of people work on a 
particular problem, which is something his students do through studying the history of 
inertia. This idea was also present in the papers from J ermichael ' s students. Desmond and 
Meghan also discussed the importance of their students seeing the progression of ideas 
through the work of many people. The observation ofMeghan' s class on light brought 
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out this aspect ofNOS. Desmond's students and Bryan's students explored this as a part 
of the atom project. Bryan further underscores this idea with his students by pointing out 
that advances normally attributed to an individual would not have been possible without 
"all these other people that put the pieces of the puzzle together. So, it's like a big puzzle, 
and then there's a lot of dead ends too." 
Bryan gave another example of the communal nature of science that he uses with 
his senior physics class. In that class, he and his students discuss Newton's development 
of the universal law of gravitation and the determination of the gravitational constant. 
Bryan explains: 
[Newton] had to know what the distance of the moon was and he had to know the 
size of the Earth, and he had to know a bunch of these things, so ... and he had to 
rely on observations of the moon's period and all these other things. 
Through the atom project with freshmen, and the development of gravity with seniors, 
Bryan discusses the interdependence of scientists with multiple groups of students. 
Mason addresses communal work in science with his students through exploring 
the development of kinematics. Through the development of kinematics, he discusses the 
reliance of each change on previous work, as well as the work of others. He finds that 
Newton provides a counterexample of this point: "Newton was probably a crazy genius 
who didn't like anyone. He just did the stuff by himself, but other people are actually not 
that crazy." Later in the year, with his AP students, he has them do a historical research 
on the scientists involved in the Manhattan project. The Manhattan project research 
further underscores the point with his students that advances are often a group effort. 
Tim's research project on physicists also has an element of the communal nature 
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of science. In the project handout, Tim suggests that each student tie the work of his or 
her scientist either to other contemporary scientists or to future work based on the work 
of the student's scientist. In a paper on Niels Bohr, one student discussed the Bohr-
Einstein debates, and their importance at the time. Another student discussed Kirchhoff's 
laws for circuit analysis as a generalization of Ohm's work. Although Tim did not have a 
particular class lesson for this aspect ofNOS, his students do make the connection 
through their research projects. 
Nicole assigned her students a similar research project on historical scientists. 
Like Tim, she required her students to connect the work of their scientist to the work of 
their peers or to the development of modern ideas. However, Nicole's students chose 
their own scientist to research. The project culminated in an oral report to the class in 
which the presenter or presenters nominated the scientist for inclusion on the school's 
scientist "Wall of Fame." The students' presentations were observed by the researcher as 
part of a class visit for this project. One student in particular presented John Bardeen to 
the class, and discussed Bardeen' s belief in the importance of scientific collaboration, 
further underscoring the point to the class. Gabrielle also uses a scientist "Wall of Fame" 
approach to address the communal aspect of science. In Gabrielle's case, she presents 
short stories about scientists to her 91h -grade physics class, and then puts each scientist's 
portrait on the wall of her classroom as a reminder of all of the people who contributed 
ideas to the development of physics. An example of her wall can be seen in Figure 11. 
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Walt focuses on the Millikan-Ehrenhaft dispute over the interpretation of 
Millikan's oil drop experiment to communicate the communal nature of science through 
history. Walt said he would read a brief introduction ofthe dispute to his students, and 
then discusses the dispute with his students. Through this discussion, Walt addresses 
several aspects of NOS: the communal nature of science through the broad discussion 
and debate between Millikan and Ehrenhaft, but also the influence of theory in the 
interpretation of data, and the difference between observation and inference. Overall, 
Walt thought that this discussion gave his students a "better insight into the process of 
discovery." 
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Nine of the subjects taught their students that science advances through a 
communal effort. In some cases, scientific advances were made through many 
contemporaries working on a problem, in other cases, through the efforts of different 
people at different times. The subjects use those examples to explicitly teach this aspect 
ofNOS to their students. 
The previous two categories, teaching theory change and teaching science as a 
communal activity, both dealt with aspects ofNOS that the subjects teach through the use 
of history. In most cases, the history used to teach NOS was CHOP. Some of the 
examples provided were not focused on conceptual development, but are still examples 
of using HOS to convey NOS ideas. The next two categories involve examples of the 
subjects' use of history to improve students' attitudes towards studying physics. As with 
the previous category, these subjects' PCK changes represent both a change to the 
subjects ' knowledge of educational aims, and a relationship between their knowledge of 
educational aims and their knowledge of related content. 
Increasing student interest 
All ten subjects (see Table 19) mentioned the use ofhistory to get their students 
more interested in physics. Many subjects said that the students find history interesting 
because of the personal stories about the scientists. Many subjects also said that their 
students were naturally interested in history or English, and their use of history was an 
attempt to appeal to those interests, and hopefully transfer that interest to physics. 
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Pseudonym Physics teaching ITOP Physics Test MCAS MCAS 
expenence courses courses taught ELA* sci* 
(years) taken 
Walt 12 10 
11th/12th AP 68 47 grade, AP 
Bryan 8 10 
9tt1 grade, 12th MCAS, 96 83 grade, AP AP 
Gabrielle 9 10 
12tn grade, 9m 
-- 92 67 grade 
Mason 9 10 11 tn/1 in grade AP 71 60 
Meghan 8 8 12m grade -- 96 89 
Nicole 11 10 11th 11 ih grade -- 95 87 
Desmond 9 6 9
1n grade, 12m MCAS 96 83 grade 
Tim 4 7 AP, 1 ih grade AP 77 45 
Tom 4 8 91h grade MCAS 94 82 
Jermichael 5 6 91h grade -- 68 --
~ tn 
' MCAS scores are% Proficient or higher by 10 grade testmg at each subject s school 
(DESE, n.d.). 
**MCAS sCience score is not reported for this school. 
Walt said history gave "a place to hang your hat," and made physics generally 
more interesting. He has noticed that his students pay closer attention when he tells them 
stories from history, and has concluded that his students enjoy hearing such stories. In his 
class introducing current flow, Walt included a brief story about Galvani and Volta. In 
Walt's account, Volta and Galvani used frog legs with wires in them to sense electrical 
flow because the legs would twitch when a spark of electricity jumped to the wire. Volta 
noticed that his frog legs twitched when he hung them on the wall, and thought that the 
contact ofthe two metals caused the twitching. Galvani disagreed, but Volta developed 
the battery based on this observation. Walt underscored the importance of the battery 
because with a battery electricity could flow continuously for the first time in history, and 
the flow over time means that electricity can be used to do work. Neither Walt nor his 
102 
students referred to this story for the rest of the class. But as Walt said, such stories keep 
his students interested. Tim and Tom made similar comments that historical stories 
helped them get their students interested in science. 
Desmond uses historical content to communicate to his students that physics is 
not ''just another math class." Desmond said that especially for his ninth-grade students, 
they tend to get overwhelmed by the mathematical aspects of the course. He found that 
history helps his students focus on the ideas as opposed to the problems. Walt made a 
similar observation, stating, "So I read this stuff to them. It helps, I think, emich the 
topic; it's not just numbers, numbers, numbers." 
Gabrielle also sees her "Wall of Fame" (Figure 11) as appealing to the interest of 
her students. She said she tries to have at least one story about a scientist for each unit she 
teaches. She said she tries to find funny stories to tell, because that adds to the interest of 
her students. She also said she's not always sure that the stories she tells are true; she tells 
her students when she can't verify the story, but continues with the story for the 
enjoyment of the class. Overall, Gabrielle said, "I think it kind of helps to personalize it 
and bring home the idea, so you can remember the ideas better if you know a little bit 
about the people." Walt and Mason made similar comments that historical stories would 
help students recall information because they would remember the stories and recall the 
names. 
Mason uses a variety of stories about particular scientists to "hook" his students 
and spark their interest in science. These stories can be stories of conflict (such as Fresnel 
and Poisson and finding Poisson' s Spot), stories of scientific outsiders who worked their 
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way into the establishment (such as Faraday), or even stories that just put a human face 
on scientists (such as Feynman's pranks). In these cases, Mason is trying to communicate 
that scientists are "real, normal people," not all that different from his students. Desmond 
also said he uses history to help his students connect with a human element in physics, 
which he finds also garners their interest in science. 
Meghan and Jermichael described history as a "hook" they use with their 
students. Meghan said her historical lessons helped to excite interest in her students and 
give more access points to the science content. Jermichael made a similar observation 
that when he approaches inertia through history, he sees his students "get more and more 
engaged, because there are more access points to the central idea. It's kind oflike coating 
the medicine with sugar, you know, and it's like 'Oh, this tastes good."' Meghan and 
J ermichael both said that some of their students might just be more interested in people, 
history, or languages. Those students find the historical approach more appealing. 
Bryan and Nicole discussed history as a way to appeal to the natural inclinations 
of their students. Bryan said there was always some fraction ofhis students that will be 
attracted by incorporating history with his physics units: "In some kids it's the math and 
the concepts, in other kids it's the history. So, I think you combine it all and you put it all 
together, and I think you're going to get a better physics course." Nicole similarly finds 
that gauging her students' interests helps her teach a better course. However, Nicole 
adjusts her course year-by-year. If she has a "very technical group" she will give more 
problem sets and use history less, but when she has "more of a humanities group" she 
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finds that history adds "flavors that they will embrace more on the general nature of 
science." 
The ten subjects in this project all discussed ways in which they thought history 
increased students' interest in science. The examples they gave were broadly HOS 
examples involving stories about the scientists, or the times in which the scientists lived 
and worked. In particular, the use of history in this category generally avoided CHOP, 
because the subjects were trying to appeal to other interests. While this use of HOS does 
not indicate that CHOP influenced the subjects ' knowledge of their learners, it does 
suggest that the subjects built a relationship between their knowledge of learners and 
their knowledge of related content in their PCK. 
History eases student anxiety 
The eight subjects listed in Table 20 discussed using history to ease their students ' 
anxiety about having difficulty learning physics. These subjects found that their students 
get frustrated when they have difficulty understanding physical concepts. The subjects 
discuss the historical models with their students as a way to put their students at ease 
about needing more time to grasp a particular concept. In this way, these discussions are 
examples ofthe subjects using CHOP affectively with their students, to link the student's 
thinking with a particular historical understanding. 
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Table 20: Sub_jects using CHOP to relieve student anxiety 
Pseudonym Physics teaching ITOP Physics Test MCAS MCAS 
experience courses courses taught ELA* scr* 
(years) taken 
Walt 12 10 11 
1n1121n AP 68 47 grade, AP 
Bryan 8 10 9
111 grade, li11 MCAS, 96 83 grade, AP AP 
Gabrielle 9 10 12
111 grade, 9m 
-- 92 67 grade 
Mason 9 10 11 111/l2m grade AP 71 60 
Meghan 8 8 1i" grade -- 96 89 
Nicole 11 10 11 In 11 in grade -- 95 87 
Tim 4 7 AP, 1 in grade AP 77 45 
Jermichael 5 6 9111 grade -- 68 --
In 
' MCAS scores are % Proficient or higher by 10 grade testmg at each subject s school 
(DESE, n.d.). 
**MCAS science score is not reported for this school. 
Tim said he sometimes discusses history with students who are having a particular 
problem with a concept. Especially when the student's thoughts mirror historical ideas, 
Tim will talk about the historical concept with them, to help put them at ease. As Tim 
said, the students see, "this is what people did think for a while, so I'm not crazy. And 
then they can see how it changes." Mason also mentioned making direct comparisons 
between his students' thinking and the thinking of historical scientists. He gave an 
example from mechanics, where he might say to a student whose idea of motion is 
similar to that of Aristotle, "He's one of the most brilliant guys that ever existed on the 
earth, and you think just like him, there ' s nothing wrong with that. It' s just that we got to 
move you, so you start thinking like Newton." 
Mason and Tim tend to make direct comparisons between their students and 
historical scientists. However, Nicole and Walt both use a broader view of history to ease 
their students' anxiety over difficulties in learning physics. Nicole uses historical 
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anecdotes through her mechanics unit to show that many people worked over a long time 
to develop the modem concept of motion. Nicole described the benefit ofthis approach: 
I sort of feel that ' s good for them to hear, that brilliant minds did not immediately 
get what we expect them to get in their first year of physics. So, it is not. .. What a 
physicist sees as obvious is not always obvious to bright people, so that's good. 
Walt also conveys to his students that the ideas they discuss in class evolved over many 
centuries. Walt said, "Maybe it is hard for them, or they don't get it in the first hour or 
two. I tell them that ' s okay," because it took centuries for the concept to be developed in 
the first place. 
Jermichael said he finds that leading students through the development of inertia 
(described above under teaching content) has a natural way of communicating the 
vicissitudes of developing ideas to students. As his students read about the historical 
models of motion, Jermichael said that their own understanding of inertia is developing 
as well. In this way, Jermichael said they do not experience as much anxiety over 
incorrect conclusions, because they are learning through the historical progression. 
Gabrielle said she takes a similar approach to communicating with her students -
stressing that they should focus on what they think and why, so she can compare their 
thoughts with historical works. 
Bryan and Meghan also take similar approaches to easing their students ' anxiety 
or frustration through the use of history. Bryan discussed an example of a student 
expressing an Aristotelian view of motion. Bryan said he would tell the student he or she 
was in good company, thinking like Aristotle, and then help the student to see how the 
contemporary understanding of motion was different. Meghan also used students ' 
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Aristotelian views as an example where she uses CHOP to compare their thinking to 
Aristotle ' s and then advance their thinking, but also to put them at ease about their 
difficulties. 
Eight of the subjects discussed CHOP as a useful tool to use with students who 
are anxious about their troubles learning physics. This use of CHOP involves comparing 
the students' thinking with that of the historical scientists, and then communicating with 
the student that their idea is not outlandish, but not aligned with modem understanding. 
These eight subjects stated that this helped their students' attitudes towards science. 
These subjects' PCK includes connections between their knowledge of related content 
(CHOP), their knowledge of common difficulties and preconceptions, and their 
knowledge of their learners. 
Although all the subjects discussed ways that they use the history of science with 
their students, many also discussed problems they experienced incorporating history and 
reasons that they have not incorporated more history into their physics classes. The 
remaining categories will address the barriers to including HOS, and the more specific 
CHOP, in their courses as perceived by the subjects 
Time pressure limits HOS 
All the subjects (see Table 21) mentioned limited time and the need to cover a set 
body of material as a limiting factor in their ability to incorporate HOS into their physics 
classes. The subjects all found it difficult to spend time on HOS and still have time to 
teach all of the required content over the course of a year. 
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Pseudonym Physics teaching ITOP Physics Test MCAS MCAS 
expenence courses courses taught ELA* sci* 
(years) taken 
Walt 12 10 11 
1111li11 AP 68 47 grade, AP 
Bryan 8 10 9
111 grade, 1 i 11 MCAS, 96 83 grade,AP AP 
Gabrielle 9 10 12 tn grade, 9
1
n 
-- 92 67 grade 
Mason 9 10 11 11111 i 11 grade AP 71 60 
Meghan 8 8 12th grade -- 96 89 
Nicole 11 10 11 111/12u1 grade -- 95 87 
Desmond 9 6 9
111 grade, 12th MCAS 96 83 grade 
Tim 4 7 AP, 1 i 11 grade AP 77 45 
Tom 4 8 9u1 grade MCAS 94 82 
Jermichael 5 6 91n grade -- 68 --
¥ tn 
' MCAS scores are %Proficient or higher by 10 grade testmg at each subject s school 
(DESE, n.d.). 
**MCAS science score is not reported for this school. 
Walt, Mason, Tim, and Bryan all teach AP physics, and discussed the need to 
cover the content necessary for their students to take the AP exam. Tim said, "I struggle 
to get through more than half the stuff' even without finding "extra" material to 
incorporate into his class. Walt didn't mention struggling to get through the AP 
curriculum, but said, "In AP, there's times when we're just ripping through material and 
we don 't have time to stumble across Bernoulli 's equation." Bryan described a similar 
pace in his upcoming AP course, "kinematics is a week, if that. A lot of it's learn on your 
own." This means that class time is largely devoted to discussions of physics concepts 
and problem solving, leaving little time for the inclusion of history. Bryan and Walt said 
that they do find time to include some historical discussions in AP physics, but not as 
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much as they might like. Mason said he will sometimes assign a short historical video to 
watch as homework so his students get that exposure without taking any class time. 
Tom, Desmond, Gabrielle, and Bryan discussed a similar difficulty in teaching 
ninth-grade physics. Their ninth-grade classes are meant to prepare their students for the 
MCAS physics exam. Like the AP class, the preparation for an exam puts pressure on the 
physics teachers to cover all the material on which their students will be tested. Tom said 
he skips some things he would like to do simply because those things are not part of the 
MCAS exam. Desmond felt he needed to be cautious about spending too much time on 
history; while history is important for some reasons, it also takes away his students ' study 
of physics content. Bryan too sees a tradeoff between history and content in his ninth-
grade class. Two of his classes on waves were observed just three weeks before MCAS 
testing. In class Bryan mentioned the search for luminiferous ether, and held a brief 
discussion with his students about historical beliefs. Bryan also specifically mentioned 
concepts and equations that would be on the MCAS exam. After class, Bryan said he 
would have liked to discuss more ofthe history, and even have the class organized more 
along historical lines, but if he did that, he didn' t think he would have time to cover the 
content needed for the MCAS exam. 
Bryan also mentioned his use of history in his senior elective physics course. In 
that course, the students are not preparing for an exam, and Bryan said that of all the 
courses he teaches, that one is the most historically oriented. He said he still had to teach 
a certain amount of science content, but with no external exam, he was free to use more 
history with those students. Jermichael also mentioned the lack of an external exam as a 
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positive influence on his class. None of Jermichael ' s current students take the MCAS 
physics exam, although Jermichael has previously taught physics to prepare students for 
MCAS. Jermichael described the difference between the two experiences: 
As soon as those standards go away, you don't have to worry about economy. So 
now, you can dig into something more deeply and have something really 
interesting, really engaging, and then you have students that really invest their 
time in that. And then once that happens, it's all over with the learning, you know, 
because like the side effect of their interest is genuine learning. 
Jermichael was in no way against standards, but he did see a benefit in not having test 
pressure driving the content of his course. Meghan also said that she had more freedom in 
her class because she was not trying to prepare her students for MCAS or for the AP 
exam. However, she still said that she felt some time pressure: "Time is a problem. 
There's never enough time for everything, so I have to choose what to prioritize." 
Lack of class time was a concern for all the subjects in this study. Most subjects 
tied this time pressure to testing at the conclusion of the course. However in those courses 
not followed by an exam, the subjects also found it challenging to find time to 
incorporate historical content. Overall, this relates to the subjects' PCK through their 
knowledge of educational aims in terms of prioritizing and determining how to teach the 
required aspects of their courses. 
Lack of appropriate resources 
The need for more appropriate resources to facilitate the inclusion of history with 
high school physics classes was discussed by eight subjects (see Table 22). 
Tom, Tim, Nicole, and Bryan all stated that the materials they had for their 
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Pseudonym Physics teaching ITOP Physics Test MCAS MCAS 
expenence courses courses ELA* sci* 
(years) taken taught 
9m grade, MCAS, 
Bryan 8 10 li11 grade, AP 96 83 
AP 
Mason 9 10 
11 thllih AP 71 60 grade 
Meghan 8 8 lin grade -- 96 89 
Nicole 11 10 11 
tn112u1 95 87 grade --
Desmond 9 6 9
111 grade, MCAS 96 83 li11 grade 
Tim 4 7 AP 12
1n AP 77 ' 45 grade 
Tom 4 8 910 grade MCAS 94 82 
Jermichael 5 6 91" grade -- 68 --
¥ th 
' MCAS scores are% Proficient or h1gher by 10 grade testmg at each subject s school 
(DESE, n.d.). 
**MCAS science score is not reported for this school. 
students did not address history, and that the historical materials they had were at too 
high a level for their students. 
Bryan, Desmond, and Tom all teach ninth-grade physics. Bryan said that it was a 
particular challenge for him to incorporate history because the textbooks at that level do 
not discuss history in depth. He has found it necessary to develop his own materials that 
are appropriate for his class. Tim said he saw a similar problem previously when he 
taught a ninth-grade class. Although Tim has his senior physics class do a research 
project on individual physicists discussed above, he does not think that his ninth graders 
would be able to complete the same project. He has thought about trying to design an 
easier physics timeline project for them, but has not yet been able to do so. Tom also said 
he might be able to include more historical discussions, but the primary sources would be 
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too long and difficult for his students to comprehend. He specifically mentioned a 
summary of Aristotle's work by I. B. Cohen and said, "I'm trying to find sources like ·~ 
that, that are a little lower level and short." 
Jermichael, Mason, Meghan, and Desmond made statements similar to Torn's 
comment above. All stated that they found the CHOP materials in ITOP to be at a level 
too high for use with high school students, and that they would like to see more materials 
pitched to a high school audience. Jermichael, Desmond, and Meghan all provided 
examples of materials that they had developed for their students based on their own work 
in fmding sources, and then rewriting the information for their students. 
Nicole too felt that she did not have adequate historical resources to use with her 
eleventh and twelfth grade students. She said she has developed some materials around 
mechanics, but she has neither found nor developed materials that make the historical 
content meaningful enough to use with her students. Nicole also said, "I don't feel like 
I'm a great history teacher." She prefers to show videos to her students in hopes that the 
students get a better presentation of the history from them. 
Overall the eight subjects who discussed a lack of appropriate resources primarily 
discussed the resources available as being above their students' ability to use. In terms of 
the subjects' PCK, this category represents a link between the subjects' knowledge of 
curriculum resources, and both the subjects' knowledge of their learners and the subjects' 
knowledge of related content. 
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Content should precede history 
Tom and Tim both expressed the view that in order for the historical discussion to 
be meaningful, the students needed to know the physics content. Tom said he deliberately 
avoids using history with his ninth-grade students because of this belief. He discussed the 
example of Young' s double slit experiment: "You have to know what Young's double slit 
experiment is, and really kind of get the fundamentals of that before you can start saying, 
'Well, it's such a good proof against ... ' you know." Tom instead prefers to focus on 
physics content, bringing in historical anecdotes occasionally, but avoiding detailed 
discussions of history. Tim similarly avoids detailed discussions ofhistory, especially at 
the beginning of the year. Tim was also not convinced that studying the development of 
concepts was always the best pedagogical method: "I think sometimes some of those 
ideas can be confusing, especially if you're learning the wrong ideas at first and then 
you're seeing how they evolve." The examples Tim and Tom used to discuss their 
apprehension about using history with their students clearly suggest they are concerned 
about conceptual history specifically. 
T bi 23 s b · t h b r h t t h ld a e : u 'Jec s w o e 1eve p11YSICS con en s ou d CHOP prece e 
Pseudonym Physics teaching ITOP Physics Test MCAS MCAS 
expenence courses courses taught ELA* sci* 
(years) taken 
Tim 4 7 AP, 12111 grade AP 77 45 
Tom 4 8 9u1 grade MCAS 94 82 
. tn 
' MCAS scores are %Proficient or higher by 10 grade testmg at each subject s school 
(DESE, n.d.). 
**MCAS science score is not reported for this school. 
Tim similarly felt that his twelfth-grade students got more out of his physicist 
research project at the end of the year. One way that the students would get more out of 
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the project later in the year is that the students doing the research would have the 
background to understand the work of the historical scientists. Tim felt that, "someone 
that had Archimedes or somebody that had Pascal, they were really going into their 
research blind- not knowing anything about pressure at all. " Similarly, he felt that the 
presentations were more meaningful to the rest of the class because the class would have 
heard the names already in association with physical units or equations. 
It is noteworthy that the other eight subjects in this study all disagreed with this 
viewpoint. In considering a hypothetical course for their students based on the CHOP 
readings from ITOP, Walt, Bryan, Mason, Gabrielle, Meghan, Nicole, Desmond, and 
Jermichael all said that they would want their students to take such a course either 
concurrently with physics, or before taking physics. The different views that the subjects 
held about this particular category show differences in the subjects' views about the 
relationship between CHOP and physics content, as well as their knowledge of their own 
learners. 
Summary 
The findings here suggest that the subjects in this study have experienced many 
changes to their PCK. The changes to PCK include changes in the various areas of 
knowledge that contribute to PCK, such as the subjects' knowledge of physics content, 
related content, educational aims, curriculum resources, and learners. The changes to 
PCK also include changes to relationships between the areas of knowledge that contribute 
to PCK. These changes will be further discussed in the following chapter as they relate to 
the research questions. 
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In terms of the categories identified, an overall summary of the results appears in 
Table 24. For each subject, the source of data for their response to each category is 
shown. The data sources are: I is for interview response, 0 is for classroom observation, 
S is for student work samples, and W is for additional worksheets provided by the 
subject. Entries in parentheses indicate a negative response for the given category. 
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Table 24: Summary of findings 
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....... 
Walt I I (I) I I, 0 I, 0 I, 0 I, 0 I I (I) (I) 
~ryan I I I, W I I, S I, S I, S I I I I (I) 
Mason I I I I I, 0 I, W I, W I I I I (I) 
Gabrielle I I (I) I I, W I, 0 I, W I I I (I) (I) 
Meghan (I) (I) I I I,O, W I,O,W I,O, W I, 0 I I I (I) 
Nicole I I I I I, W I, W I, 0 I, 0 I I I (I) 
pesmond I I I, 0 I I, 0 , S I, 0, S I, 0, S I, 0 (I) I I (I) 
!Tim I I I I (I) I, S I, S I, 0 I I I I 
Tom I I I I (I) I, 0 (I) I, 0 (I) I I I 
Jermichael (I) I I I I, 0, S I, S I, S I, S I I I (I) 
CHAPTER FIVE: DISCUSSION 
The ITOP project has been underway for eight years. There have been a number 
of previous evaluation studies of ITOP that have shown the participants increase their 
knowledge ofphysics (Garik et al., 2007), the history of science (Garik et al., 2007; Garik 
et al., 2011; Winrich et al., 2010), the nature of science (Garik et al., 2007; Winrich et al., 
2008), and physics education research literature (Garik et al., 2007; Winrich et al., 2011). 
On each annual survey, the ITOP participants self-report a large impact on their teaching 
practice. However, Garik et al. (2007) noted that much ofthe self-reported change in 
teaching practice was unobserved during visits to the participants' classrooms. The 
discrepancy between the self-reported changes and the observation reports was the 
impetus for this research. The largest discrepancy was in the area of the impact of the 
CHOP component ofiTOP, so this research focused specifically on the impact of CHOP 
on the ITOP participants. 
The findings presented in the previous chapter suggest numerous changes to the 
subjects' thinking and teaching practices. Each individual category found in the responses 
of the subjects can be interpreted in terms ofhow it impacts the PCK of the subjects. 
Here, a synthesis of those findings is presented. Through that synthesis, the questions 
posed at the outset of the study are addressed. 
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Results 
At the outset ofthis study, three questions were posed about the impact of the 
CHOP component of the ITOP courses on the participants in those courses. The specific 
research questions for this study were: 
RQ 1: How do the subjects understand the study of CHOP to have 
changed their thinking about physics teaching? 
RQ 2: How do the subjects use the history of science with their students? 
RQ 3: What barriers to using the history of science in physics classes are 
perceived by the subjects? 
Each question will be addressed in tum in the sections to follow. 
RQJ: CHOP and Changes in Thinking 
The first question relates the ITOP instruction in CHOP to changes in the 
subjects' thinking about physics teaching. PCK is the model used here for understanding 
the subjects' knowledge, and therefore their thinking as well. The subjects directly 
discussed their perceptions of the impact ofleaming CHOP through their interviews. In 
the model of PCK, the observed actions, as well as the planned lessons also derive from 
PCK and therefore give insight into the changes in the subjects' PCK from CHOP. 
In the previous chapter, there were twelve individual findings from the data. Each 
of those findings was related to changes in PCK. To answer the first research question, 
those individual findings need to be combined to understand the overall changes to PCK 
the subjects derived from CHOP. Recall that the findings are: 
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1. Physics is separate from but related to HOS (N=8); 
2. Physics is a philosophical discipline (N=9); 
3. Topics within physics are more unified and physics is more unified with other 
sciences (N=8); 
4. CHOP mirrors student conceptions (N=1 0); 
5. CHOP can be used to teach physics content (N=8); 
6. CHOP can be used to teach theory change (N=10); 
7. CHOP can be used to teach the communal nature of science (N=9); 
8. HOS can be used to increase student interest (N=1 0); 
9. HOS can be used to reduce student anxiety (N=8); 
10. There is a lack of time to teach with HOS (N=10); 
11. There is a lack of appropriate resources for using HOS with high school 
students (N=8); and 
12. Physics content knowledge should precede study ofHOS (N=2). 
The impact of these findings on the subjects' PCK can be seen in two ways: CHOP may 
have contributed directly to an area of knowledge that is a component ofPCK, or CHOP 
may have fostered a connection between knowledge components of PCK. Each of these 
possibilities is considered. 
Changes the subjects reported that are related to individual knowledge 
components ofPCK are shown in Table 25. The table represents only individual 
knowledge components ofPCK affected by CHOP; relationships between the knowledge 
components will be considered separately. In the table, the subjects are listed along with 
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the specific knowledge components of PCK. Note that knowledge of assessment, 
knowledge of learners, and knowledge of curriculum resources are omitted because none 
of the subjects reported a change in those single components related to CHOP. The 
numbers in the table are from the numbered list of findings above. Each cell in the table 
represents the specific findings reported for each subject and which knowledge 
component ofPCK to which that finding is related. For example, Walt has a "2" in the 
column for "Knowledge of physics content." This means that Walt discussed 
understanding physics as a more philosophical discipline as a result of studying CHOP, 
Walt's knowledge of physics content was changed as a result of studying CHOP. If there 
was no finding that related a particular subject to a particular knowledge component of 
PCK, "(none)" is entered in the cell. 
Table 25: Impact of CHOP on knowledge components of 
PCK 
rn 
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Walt 2 1 6, 7, 10 4 5 
Bryan 2,3 1, 3 6, 7, 10 4 5 
Mason 2,3 1, 3 6, 7, 10 4 5 
Gabrielle 2 1 6, 7, 10 4 5 
Meghan 3 3 6, 7, 10 4 5 
Nicole 2,3 1, 3 6, 7, 10 4 5 
Desmond 2, 3 1, 3 6, 7, 10 4 5 
Tim 2, 3 1, 3 6, 7, 10 4 (none) 
Tom 2, 3 1, 3 6, 10 4 (none) 
Jermichael 2, 3 3 6, 7, 10 4 5 
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The individual findings presented in the previous chapter suggested that the 
subjects understood the learning of CHOP to have changed their thinking about physics 
teaching. Those changes, as viewed together in Table 25, offer a more complete picture 
of the subjects' changes. Specifically, all ten subjects discussed changes related to their 
knowledge of physics content, their knowledge of related content (HOS in this case), 
their knowledge of educational aims (aspects of NOS in this case), and their knowledge 
of common difficulties and preconceptions. The subjects attributed these changes to their 
thinking and classroom activities as directly related to studying CHOP. Furthermore, 
eight ofthe ten subjects showed changes in their knowledge of pedagogy, again attributed 
to studying CHOP. Tim and Tom, the two subjects who were not listed as changing their 
knowledge of pedagogy, both said they mostly avoid using HOS with their students. 
Changes to PCK can also be seen through relationships between the knowledge 
components of PCK. Relationships formed between those knowledge components of 
PCK that the subjects attributed to CHOP are shown in Table 26. As with Table 25, the 
numbers are derived from the numbered list of findings above, and in each cell relate the 
subject listed to the particular connection made. Table 26 is meant to present connections 
between knowledge components of PCK, so the first row of the table lists one knowledge 
component of PCK, and the second row lists a second knowledge component of PCK. An 
entry in a particular subject's row represents that the subject discussed a relationship 
between the two knowledge components at the top ofthe column through the numbered 
finding. For clarity, since the area of related content of interest is HOS, "knowledge of 
HOS" in the table represents the knowledge of related content component ofPCK. There 
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were multiple connections the subjects reported between their knowledge of HOS and 
other components ofPCK, which is represented in the table by having multiple columns 
listed under the entry, "Connecting knowledge ofHOS to." 
Table 26: Impact of CHOP on connections between knowledge components of 
PCK 
Connecting 
Connecting knowledge ofHOS to knowledge of 
learners to 
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Walt 1, 5 6, 7 8, 9 4,9 (none) (none) 
Bryan 1, 3, 5 6, 7 8, 9 4, 9 11 11 
Mason 1, 3 6, 7 8,9 4,9 11 11 
Gabrielle 1, 5 6, 7 8, 9 4,9 (none) (none) 
Meghan 3, 5 6, 7 8,9 4,9 11 11 
Nicole 1, 3, 5 6, 7 8,9 4, 9 11 11 
Desmond 1, 3, 5 6, 7 8 4 11 11 
Tim 1, 3 6, 7 8, 9 4,9 11 11 
Tom 1, 3 6 8 4 11 11 
Jermichael 3,5 6, 7 8,9 4,9 11 11 
As with the combination of findings to address the changes to the individual 
knowledge components of PCK, the influence of CHOP on relationships between PCK 
appears more clearly through this combined analysis. Again, all ten subjects formed 
connections between their knowledge of HOS and their knowledge of physics content, 
educational aims, learners, and common difficulties and preconceptions. Only Walt and 
Gabrielle did not form connections between their knowledge of curriculum resources and 
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other knowledge components of PCK. This is because both of them stated that they felt 
sufficiently versed in HOS to add those components to their classes from their own 
knowledge. 
The framework developed by Seker (2007) can be used to classify those 
connections the subjects made between their knowledge ofHOS and other components of 
PCK. Seker's framework was presented in a hierarchy from conceptual connections 
between HOS and other areas ofPCK (level4), through epistemological (level 3), 
cultural (level 2) and finally interest level (level 1) connections to PCK. This hierarchy is 
appropriate because, as discussed by the subjects, even when they are teaching physics 
content through CHOP, they are .also conveying aspects of NOS (epistemological level 
connections), and appealing to their students' interests (interest level connections). The 
focus on CHOP in ITOP emphasizes conceptual and epistemological aspects ofHOS. It 
is perhaps unsurprising then that all the subjects made high-level connections between 
HOS and the other components of their PCK. 
This study asked how the subjects understand the study of CHOP to have changed 
their thinking about physics teaching. Through studying CHOP in ITOP, the subjects 
reported changes to their understanding of physics content, their knowledge of HOS, and 
their knowledge of common difficulties and preconceptions. They also taught some 
physics content and some aspects ofNOS differently, reflecting a change in their 
knowledge of pedagogy and educational aims. In addition to these specific components 
ofPCK, the subjects also discussed and demonstrated new connections within their PCK 
also attributed to CHOP. The connections reported and observed included all ten subjects 
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connecting HOS to other areas ofPCK indicative of high-level connections on Seker's 
(2007) hierarchy. Such high-level connections indicate the subjects ' changes in thinking 
are substantive changes that bear directly on the subjects' understanding of physics 
content and their understanding of scientific epistemology. 
RQ2: Uses of HOS 
The second research question asked how the subjects use the history of science 
with their students. This question can be interpreted in three ways: (1) what concepts 
within physics did the subjects relate to history; (2) what methods did the subjects use to 
incorporate history; and (3) what were the aims of the subjects for using history? The first 
interpretation suggests a list of topics discussed by the subjects. The second interpretation 
suggests an answer based on the integrated use ofHOS versus the add-on use ofHOS 
suggested by Matthews (1994). The third interpretation suggests an answer based on the 
types of instructional goals for HOS-based physics lessons from Seroglou and Koumaras 
(200 1 ). All three interpretations are useful ways of gaining an understanding of the use of 
history by the subjects. 
In the previous chapter, there were 22 distinct examples of the subjects' use of 
HOS with their students, mostly discussed in the findings numbered 5-9 above. In terms 
of the content standards from the Massachusetts Technology/Engineering Curriculum 
Framework (Massachusetts Department of Education, 2006), the topical areas for the 
lessons were: 
• Motion and forces: N=6 
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, • 
• Electromagnetism: N=4 
• Atomic structure and nuclear chemistry: N=3 
• Electromagnetic radiation: N=2 
• Conservation of energy and momentum: N=l 
• General (i,e. including stories of scientists in many content areas): N=6 
The "general" category above represents the five teachers who provided examples of 
integrating some HOS into multiple content areas either through stories about historical 
scientists in many lessons (such as Gabrielle's scientist blurbs) or through class projects 
(such as Tim's historical scientist research project) that could not be reduced to a single 
content standard. The content standards addressed by the lesson examples show that the 
subjects use HOS broadly throughout many topical areas. This includes the extension to 
atomic and nuclear chemistry, which is listed as a standard for a high school chemistry 
course, although only one subject (Meghan) taught chemistry in addition to physics. In 
terms of the first interpretation of how the subjects used HOS with their students, they 
used it to teach the core topics of their courses. 
The second interpretation of how the subjects used HOS with their students was 
to draw on Matthews's (1994) method of describing the use of history as an "add-on" 
model versus an "integrated" model. Of the 22 lesson examples, 14 were historical add-
ons to a physics lesson or the physics class. Examples of add-ons were included from all 
ten subjects. The most common add-on, again discussed by all subjects, was simply 
telling a story about a historical scientist to the class. In some cases, such as the historical 
scientist research project for Tim's students, the students were assigned to research a 
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scientist and then tell the scientist's story to the class. Such assignments are still add-ons 
to the class because the story could be omitted and the rest of the lesson would not have 
changed. 
The remaining eight lesson examples represent Matthews's ( 1994) "integrated" 
model of teaching with history. The eight integrated lessons were the lessons on atomic 
models from Bryan, Desmond, and Meghan; the lessons on developing the concept of 
inertia from Nicole, Jermichael, and Meghan; the lab, "Galileo and Today's g" from 
Mason; and Walt's discussion of the Millikan-Ehrenhaft dispute. These are classified as 
integrated lessons with HOS because removing the historical content from the lesson 
would result in a drastic change in the lesson as presented by the subject, although the 
content could be taught without the inclusion ofHOS. 
Examples of integrated lessons were included from all subjects except Gabrielle, 
Tim, and Tom. As noted above in the analysis of the subjects' changes in PCK Tim and 
Tom both said they try to avoid using HOS with their students, which was linked to the 
lack of a reported change in their knowledge of pedagogy. The avoidance ofHOS by Tim 
and Tom is also related to their exclusive use of add-ons for including HOS; they have 
not attempted to integrate HOS into their courses, nor have they developed the 
pedagogical knowledge to do so. 
Gabrielle presents a different case for analysis. She said she generally adds 
history to her classes from her own knowledge. Above, Gabrielle's preference to work 
from her own knowledge manifested itself as a lack of connection between her 
knowledge ofHOS and her knowledge of curriculum resources. This is similar to 
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Shulman's ( 1987) story of the young English teacher who gave an interactive lesson on 
literature, but lectured on grammar. In Gabrielle's case, it is not a lack of content or 
related content knowledge that prevents her from moving beyond storytelling, but a lack 
of connections between the relevant components of her PCK. 
Based on Matthews's (1994) broad classification of the use of HOS, all of the 
teachers use historical add-ons, and eight integrated HOS into their content lessons. The 
epistemic game (Collins & Ferguson, 1993) based CHOP instruction in ITOP is also an 
example of an integrated lesson between HOS and physics content. The eight integrated 
lesson examples given were drawn directly from ITOP materials for CHOP instruction. 
In some cases (e.g. Meghan' s atomic model lesson) tables similar to those used in ITOP 
were used with the subjects' students. In other cases (e.g. Jermichael ' s inertia lesson) the 
same analysis of historical change is requested from the students, but in a different form 
than was used in ITOP. 
The third way of looking at the subjects' use of HOS with their students is to 
classify that use based on the instructional goals of incorporating HOS (either as an add-
on or integrated component) in a physics lesson. For this, the framework of Seroglou and 
Koumaras (200 1) is used. Seroglou and Koumaras proposed that HOS in physics 
education would relate to a cognitive, metacognitive, or emotional dimension of the 
physics lesson. In terms ofthe 22 lesson examples identified, the cognitive dimension 
corresponds to teaching physics content, the metacognitive dimension to teaching NOS, 
and the emotional dimension to generating student interest. Similar to Seker's (2007) 
framework for connecting HOS to PCK, Seroglou and Koumaras ' s framework can be 
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viewed as a hierarchy; a lesson classified in the cognitive dimension can also include 
metacognitive and emotional dimensions. 
Within the framework of Seroglou and Koumaras (200 1 ), nine lesson examples 
were in the cognitive dimension. The nine lessons, which appear in the "Teaching 
physics content" section of the previous chapter, come from eight ofthe subjects- all but 
Tim and Tom, both of whom avoid using HOS with their students. Ten lesson examples 
were given in the metacognitive dimension, representing examples from all participants. 
Finally three examples were in the emotional dimension. This tally may seem at odds 
with the previous discussion indicating the majority of HOS usage was through historical 
add-ons. However, the subjects often discussed the emotional dimensions of their 
metacognitive and cognitive lessons. The subjects discussed their lessons as fitting 
multiple dimensions of Seroglou and Koumaras's framework. 
Returning to the research question: how do the subjects use the history of science 
with their students? The subjects use HOS with their students broadly across many 
content standards taught in their physics classes. Seven subjects gave examples that 
integrated HOS into the lesson, but all ten subjects gave specific examples of historical 
add-ons and discussed historical storytelling as part of their use ofHOS. These historical 
stories represent the emotional dimension ofHOS in a physics class. However, all ten 
subjects also gave examples of using HOS in the metacognitive dimension, with eight 
subjects also giving examples ofHOS use in the cognitive dimension. The subjects 
related each of the lesson examples given to their experience learning CHOP in ITOP. 
Therefore, the examination ofthe lesson examples given illuminates the impact of CHOP 
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on the subjects' teaching. Two additional questions arise in considering the impact of 
CHOP on teaching practice: does this use ofHOS represent persistence, in the sense that 
the subjects are employing largely the same practices as they did prior to ITOP, but with 
a few extra stories thrown in, or change in teaching practice, and how well is the 
historical information being presented? These questions will be addressed following the 
examination of the third research question. 
RQ3: Barriers to HOS use 
The final question at the outset of this study was: what barriers to using HOS in 
physics classes are perceived by the subjects? At the most basic level, this question can 
be answered with a list. The subjects' identified three primary barriers to incorporating 
HOS into their physics classes: lack of time, lack of resources, and a belief that content 
knowledge is a prerequisite to studying HOS. The specific breakdown of the subjects' 
views on barriers is shown in Table 27. 
T bl 27 P a e : 0 db erceiVe arners to teac h" . hHOS mgwit 
Lack of time Lack of resources Content before HOS 
Walt X - -
Bryan X X -
Mason X X -
Gabrielle X - -
Meghan X X -
Nicole X X -
Desmond X X -
Tim X X X 
Tom X X X 
Jermichael X X -
X indicates the subject discussed perceiving this as a barrier to teaching with HOS. 
- indicates the subject did not perceive the particular barrier. 
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The obstacles seen by the subjects are all mentioned between Galili (2008) and 
Hottecke and Silva (20 1 0). The first two perceived barriers, a lack of time and a lack of 
resources, have already been discussed above in terms of how the perception of these 
barriers relates to understanding the subjects' changes in PCK. The perceived lack of 
time to teach with history may be related to the subjects ' add-on use of history discussed 
above. Using the add-on model, any historical content included in class takes away from 
the time the subjects have to teach physics content. The lack of adequate resources has 
been a consistent problem mentioned in the literature (Galili, 2008; Hottecke & Silva, 
2010). Bryan' s comment about the inadequate history in textbooks echoes Allchin's 
(2000) unfavorable depiction of science textbook history. 
It is the third perceived barrier, that content knowledge should precede HOS 
study, that provides a new insight into the subjects' PCK. In this case, only Tim and Tom 
expressed this view, while the remaining eight subjects stated that HOS should be studied 
concurrently with physics concepts or precede the study of physics concepts. Tim and 
Tom both cited this belief on their part as a reason that they do not attempt to incorporate 
more HOS into their physics courses. 
Tom said that he felt his students did not have the reading skills for him to teach 
extensively with HOS. This is in contrast to Jermichael, who teaches a unit on the 
development of inertia that makes extensive use ofHOS. As can be seen in Table 28, the 
reading skills ofthe students at Jermichael's school, as measured by the MCAS ELA test 
in 101h grade, are lower than the reading skills of the students at Tom' s school. The 
statewide average on the 1 01h grade MCAS ELA test is 84% proficient or higher. 
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T bl 28 C a e : ompanson o fT oman dJ . h I erm1c ae 
Pseudonym Physics teaching ITOP Physics Test MCAS MCAS 
expenence courses courses ELA* sci* 
(years) taken taught 
Tom 4 8 9tn grade MCAS 94 82 
Jermichael 5 6 9th grade 68 ** -- --
,th 
' MCAS scores are% Proficient or higher by 10 grade testmg at each subjects school 
(DESE, n.d.). 
**MCAS science score is not reported for this school. 
This contrast between Tom and Jermichael, and the reason Tom gives for not 
teaching with HOS, underscores a problem with changing teaching practice: teachers' 
beliefs about what their students can and cannot do strongly influences their choices of 
topics and teaching materials (Organization for Economic Cooperation and Development, 
2010).The difference between Tom's and Jermichael's choices for their students are 
based not only on their knowledge of their students, but on their beliefs about their 
students as well. 
Conclusions 
The first two questions asked at the outset of this project were about the influence 
of the CHOP component ofiTOP on the subjects' thinking about physics teaching and on 
the subjects' use ofHOS with their students. The subjects' thinking about physics 
teaching was analyzed using the framework of PCK. Learning CHOP contributed to five 
of the specific knowledge components of PCK, and contributed to forming six 
connections between different areas ofthe subjects' PCK. The subjects' use ofHOS was 
analyzed for content coverage, integration, and instructional goals. HOS was used across 
many content areas specified in the Massachusetts curriculum framework. All of the 
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subjects engaged in using storytelling add-ons to interest the students as part of their HOS 
use. However, seven of the subjects gave lessons that integrated HOS and physics 
content. All ofthe subjects also used HOS to teach NOS topics, and eight taught physics 
content with HOS. 
The third question asked at the outset of this study was about the reasons the 
subjects saw that prevented them from a broader use ofHOS. The subjects mentioned 
barriers to using HOS that have also been found by others. Namely: a lack of time to 
teach with HOS, a lack of resources to teach with HOS, and a beliefthat students are not 
ready to learn HOS. With the three initial questions now answered, an examination of the 
questions raised by the results can now be offered. 
Persistence and change in teaching practice 
The fact that all ten subjects mentioned telling historical anecdotes as part of their 
classes could be taken as evidence of teaching change. On the other hand, such a practice 
could also be described as persisting in their previous practices with a few minor 
changes. The use ofHOS to teach NOS and physics content is probably a stronger 
indicator of a true change in teaching practice. NOS and physics content are taught 
through CHOP in ITOP, so the old aphorism, teachers teach as they were taught, is 
applicable here. 
Kennedy (1999) described a sociological study of teachers by Dan Lortie in 197 5 
as a basis for the aphorism. According to Kennedy, Lortie suggested that a teacher's 
entire school experience as a child contributes to a teacher' s conception of proper 
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teaching practice. Kennedy describes the implication: 
Their experiences in primary and secondary schools give them ideas about what 
school subject matter is like, how students are supposed to act in school, and how 
teachers are supposed to act in school. Thus, when they begin to teach, they adopt 
the practices of their former teachers. If their elementary teachers represented the 
school subject of writing as a set of grammar rules, for instance, rather than as a 
way to organize thoughts and communicate ideas, they will tend to teach writing 
this way themselves. (p. 55) 
Thus, teachers enter the teaching profession with ideas of what it means to teach and how 
teaching should be done. VanSledright (2011) referred to this as an observational 
apprenticeship that all future teachers experience and which influences their perception of 
teaching. 
While this observational apprenticeship represents an obstacle to changing 
teaching practice, changes to teaching practice have been achieved through professional 
development. These changes are more likely when the professional development is 
specifically focused on implementing new teaching practices (e.g. Desimone, Porter, 
Garet, Yoon, & Birman, 2002; U.S. Department ofEducation, 2000). The ITOP courses 
focus on teaching physics and related content areas, but do expressly intent to model 
instructional methods for the participants (Garik et al., 2007). 
ITOP adopted an implicit method to affect teaching practice by modeling good 
practice, the instructional methods in ITOP were successful in changing teaching 
practice. Eight of the ten subjects had lessons that were similar or identical to lessons in 
ITOP that incorporate CHOP. Meghan in particular noted that she adopted the methods 
used in ITOP with her students because she found the methods to be successful in helping 
her integrate the CHOP with the physics content of the classes. Again: teachers teach as 
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they were taught. It is not just the observational apprenticeship that influences teaching 
practice, but the teachers' experience in learning as well. This is in line with other studies 
of professional development that found professional development to be most effective 
when it focused on content, included active learning opportunities, and was seen as 
coherent with other teaching activities ( Garet, Porter, Desimone, Birman, & Y oon, 2001 ). 
Overall, there were changes in teaching practice that the subjects related 
specifically to their study of CHOP. The subjects were undoubtedly influenced by their 
years of experience both as students and teachers in schools. Changes like the use of brief 
historical narratives as add-ons to physics lessons are reflective of the persistence of the 
subjects ' teaching practices. However, the eight lessons that integrated HOS with physics 
in ITOP-like activities, including comparisons of historical models, are reflective of 
larger changes to the subjects ' teaching practice. These larger changes are consistent with 
previous findings of the effectiveness of professional development. 
Presentation of history 
All ten subjects reported some use ofHOS in their classes. The use ofHOS in 
science classes is not without critics. Since ITOP has been successful in engendering a 
greater use ofHOS, it is worth examining whether that presentation has been appropriate. 
The danger ofbad history is present in the subjects ' reconstruction of historical narratives 
for their students. All chin (2000) noted reconstructions of historical experiments from 
textbooks that grossly misrepresented the actual events. Only one subject, Gabrielle, 
mentioned that she is not sure of the veracity of some of the stories she tells her students, 
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but tells the stories nonetheless. As Allchin also said, and Kuhn (1996) before him, 
historical reconstructions that distort history to serve a specific educational end are not 
only bad history, but they engender a distorted view of science as well. 
Nicole said she was uncomfortable teaching history, and commented that 
delivering a history lecture, as opposed to a more interactive class, would not do her 
students any good. She recognized that she lacked the skills- or the PCK- to teach 
extensively with HOS. Desmond also discussed his experience needing new classroom 
skills to lead discussions ofHOS in his classes. Both Desmond and Nicole purposefully 
focused on teaching physics content, an area where they felt comfortable and skilled. It 
should not be surprising that an experienced physics teacher would feel more comfortable 
teaching physics than teaching other areas of content. Teachers are sometimes called 
upon to teach outside of their primary content knowledge- that was one of the initial 
motivations behind the ITOP project (Garik et al., 2007). The experiences ofNicole and 
Desmond, along with the potentially untrue stories told by Gabrielle raise the broader 
issue of how well the skills of physics teaching transfer to history teaching. 
One way of examining that issue is to look at the difference in expertise between 
physicists and historians. Chi, Feltovich, and Glaser (1981) studied expert and novice 
classifications of physics problems. They used a problem-sorting task in which groups of 
novices and experts were asked to sort 24 physics problems for the similarity of the 
problems. They found that experts tended to classifY physics problems based on the 
principle used to solve the problem, for example conservation of energy, or Newton's 
second law. However, novices in physics grouped the problems based on surface 
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characteristics: problems involving inclined planes or springs. If it is a teacher's job to 
help his or her students develop expertise in an area, then physics teachers guide students 
towards identifying single, simple rules that lead to a solution. 
Conversely, expertise in history looks very different. Voss, Tyler, and Yengo 
(1983) studied social science problem solving skills. In that study, the groups were given 
problems and asked what they would do in the place of high-ranking government 
officials. Novice problem solvers tended to focus on a single aspect, or at most a few 
aspects, of each problem, and proposed simple solutions based on that narrow view. On 
the other hand, the experts in social science worked with many aspects of each problem 
posed. Experts sought to develop the full context of the problem, and posed solutions 
based on abstract principles that they identified underlying the problem. Voss et al. 
included an additional comparison group of university chemistry faculty, who performed 
like novices in the social science problem solving activity. 
On one hand the fmdings of Chi et al. (1981) are similar to those ofVoss et al. 
(1983). Both expert groups identified abstract principles behind the problems while both 
novice groups focused on surface characteristics. However, the process of identifying the 
abstract principles differed. In Chi et al. the experts were simplifying each problem, while 
in Voss et al. the experts worked to understand the problem' s complexity. The 
performance of the expert chemists is Voss et al. underscores the difference between 
expertise in a physical science and expertise in a social science. 
The difference between physical and social science experts underscores one of the 
objections to the use of history in physical science classes: that the history will be 
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presented badly. As Martin Klein, a physicist who became a historian of science, said, "it 
is so hard to imagine combining the rich complexity of fact, which the historian strives 
for, with the sharply defined simple insight that the physicist seeks" (Klein, quoted in 
Matthews, 1994, p. 72). 
In striving for the "rich complexity of fact," historians approach problems 
differently than novices. In becoming physics teachers, the subjects here learned to 
present the "sharply defined" insights for physics. This may also relate the subjects' use 
of narrative add-ons, as such uses of history provide a simple and well-defined lesson for 
their students. Those lessons that did integrate HOS with content- either physics 
concepts or NOS aspects -were drawn directly from ITOP lessons. Many subjects 
commented that they would like to identify more opportunities to include HOS in their 
lessons, but for the barriers discussed previously. So it appears that at the point of being 
no more than two years removed from involvement in ITOP, the subjects in this study 
were still integrating their experiences into their PCK. They had adapted what they could 
from the direct lessons in ITOP for their classes, but had not yet succeeded in developing 
new lessons that integrated HOS with content beyond the narrative add-ons. 
Implications for ITOP 
According to the previous evaluations of ITOP, it is a successful program in that 
the participants learn physics content and epistemology. Within this study, it is apparent 
that ITOP was successful in changing the teaching practices ofthe subjects to include 
more HOS in their physics classes. While this research carries no statistical weight, if the 
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results are taken as indicative of what one would find among all ITOP participants, then 
some recommendations can be made regarding the courses, specifically in the area of the 
HOS. These recommendations presuppose that it is the desire of the ITOP project staff to 
have a larger impact on the use ofHOS in the practice of the participants. 
Strengthen the focus on implementation of teaching practices 
ITOP has already been shown to have several positive impacts on the teachers 
who participate in the courses (Garik et al., 2007; Winrich et al., 2008; Winrich et al., 
2010, 2011 ). This is likely because it incorporates active learning and a focus on physics 
content, two aspects of successful professional development noted by Garet et al. (200 1 ). 
This study shows that ITOP has influenced the subjects to incorporate HOS in their 
lessons relating to NOS and to a lesser degree physics content. Some of those lessons 
represent full integration between HOS and the content. However, the majority of the 
examples provided show that the subjects engage in only historical add-ons to their 
lessons. 
The emphasis in ITOP on content, and expressly not on teaching methods (Garik 
et al. , 2007) is related to the pattern of HOS use by the subject in this study. As Desimone 
et al. (2002) found, teaching practice is more likely to change when that is a focus of the 
professional development. It is noteworthy that all ten of the subjects in this project 
commented on the quality of the ITOP courses. One aspect of ITOP that was valued in 
particular by many subjects was the focus on content over method in the courses. lfiTOP 
were to lose that content focus in favor of a method focus, at least the subjects of the 
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current research would have found the courses less valuable. ITOP already has a lesson 
plan assignment associated with each course. The content focus of ITOP valued by the 
subjects could be kept, with a stronger emphasis on teaching practice by using the lesson 
plan assignment differently. 
In the lesson plan assignment, each participant prepares a lesson plan based on the 
course content that could be used in his or her class. These lesson plans are required to 
reflect the history and philosophy readings from the course. However, the level of 
integration between HOS and the physics content is not specified. Requiring that the 
lesson plans produced in each course represent full integration ofHOS with the content 
being taught would ensure that the participants begin to develop skills in developing new 
materials that integrate HOS and physics content. 
Develop HOS teaching skills 
Nicole discussed her discomfort teaching history. Desmond recognized his own 
shortcomings leading historical discussions in class. Gabrielle admitted that she was 
willing to forego historical accuracy to meet her educational aims. Overall, the subjects 
here largely used a narrative presentation of history in their add-ons with their students, 
reflective of a novice view ofhistory (Wineburg, 1991). lfiTOP participants are to teach 
with history, and to do so avoiding the pitfalls of bad history, they need opportunities to 
develop skills to do so. 
The CHOP materials for ITOP were developed in collaboration between the 
School of Education and the Departments of Physics and Philosophy. In considering 
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future revisions to ITOP, including a historian of science and/or a history educator in the 
collaboration would be a way to add historical expertise into the ITOP courses. As with 
the philosophers in the development of the original CHOP materials, the historian would 
be involved in the revision of those materials. The historian would also participate in 
developing additional teaching materials as well as methods with the ITOP instructors to 
help develop the participants' skills in teaching with HOS. 
Future research 
The present study focused on the participants' reported use of history that they 
attributed to their involvement in ITOP. While there was a broad sampling of topics that 
the subjects discussed as being supported by history, the largest cited topic by the 
subjects was from mechanics and the change of thought from Aristotle through Newton. 
A follow up study focused specifically on mechanics would allow for more comparisons 
between the participants, and perhaps shed some light on the reasons for the differences 
observed here. Given the relatively brief historical add-ons that most of the subjects used, 
it would be better to approach such a study with a plan to visit the class every day for the 
duration of the unit. Through such multiple visits, the total role of history in the 
participants' practice could be more thoroughly understood. 
Many ofthe subjects discussed impacts ofiTOP that were outside the scope of 
this project because they did not trace back to the CHOP component. The subjects 
reported that the use of simulations in ITOP, and learning to develop their own 
simulations, had a large influence on their teaching. Seven of the ten subjects either used 
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simulations as a class demonstration or had their students using simulations during their 
observed classes. An investigation of the use of simulations by ITOP participants has the 
potential to shed light on that particular aspect of the program. 
Two ofthe subjects used conceptual multiple-choice questions during the 
observed classes, citing the similar use of such questions in ITOP. Five additional 
subjects mentioned the use of multiple-choice questions as a lecturing technique they 
learned in ITOP. That technique is modeled in ITOP, as is the use ofhistory, so a study 
on the use of multiple choice concept questions would potentially provide an interesting 
comparison to the present work. 
Summary 
This project began with the dichotomy between the ITOP participants' high self-
reported use of history and the difficulty in observing the use of history in the classrooms 
of the participants. In characterizing the use ofHOS by this group often subjects, eight 
were found to use HOS in an integrated manner such as that found in ITOP, and eight 
were found to teach physics content with history. However, all of the participants used 
brief narrative add-ons in their classes, which helps to explain the initial dichotomy: if 
one includes many such add-ons, then one can self-report a high use of history, but the 
probability of an outside observer being in class on the day that such an add-on is used 
can still be quite low. 
In terms ofthe specific findings of this study, all the participants reported changes 
to their thinking that could be understood through the model of PCK. The participants 
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also reported using HOS to teach physics content, as opposed to using history only to 
generate interest in their students. All of the participants taught NOS content with HOS, 
and eight taught physics concepts with HOS. Despite the reported uses ofHOS, all ofthe 
participants identified barriers they perceived to their own greater use ofHOS in 
teaching. 
One of the main objections to the use of history in support of science teaching is 
that the history is rewritten for pedagogical purposes, resulting in a bad presentation of 
history. Such a presentation of history was present here. As Matthews (1994) observed, 
bad history is not the necessary result from using history as part of science education. 
Good science education can be supported by good history. This requires teachers to 
integrate history with their physics PCK in a way that preserves an honest presentation of 
history. Small changes to the ITOP courses could enhance the development of the 
participants' PCK towards a broad and appropriate use of history. 
143 
APPENDIX A: ITOP COURSE SYLLABI 
NS 540: Concepts in Physics I: Force and Motion Syllabus 
Session 1: Describing motion 
Sections from Cutnell & Johnson: Sections 2.1, 2.2, 2.7 
Activities: Motion worksheet; Lab activity- Position, Velocity, and Acceleration 
History/Philosophy Activities: Introduction to Aristotle's theory of motion. 
Discussion of excerpts of his Physics. 
Assignments for next session: 
WebAssign: Assignment 1 
Session 2: Motion with constant acceleration 
Sections from Cutnell & Johnson: Sections 2.3-2.8 
Active Physics: Sports, Chapter 1, Activity 5- Acceleration 
Activities: Lab activity- Motion with Constant Acceleration 
Assignments for next session: 
• Toulmin, S. and Goodfield, J. (1962). The premature synthesis. In The 
fabric of heavens: The development of astronomy and dynamics. (pp. 90 -
105) New York: Harper & Row. 
Session 3: Forces in !-Dimension 
Sections from Cutnell & Johnson: Sections 4.1- 4.8; 4.10 
Activities: Lab activity - Forces between Carts; Newton's Laws; Free-body 
diagrams 
History/Philosophy Activities: Class discussion on assigned reading 'The 
premature synthesis'. Discussion of Zeno' s paradoxes and Aristotle's response to 
this conceptual challenge to motion. 
Assignments for next session: 
WebAssign: Assignment 2 
Session 4: Motion in Two Dimensions 
Sections from Cutnell & Johnson: Sections 1.5- 1.9; Sections 3.1 - 3.3 
Active Physics: Sports, Chapter 1, Activity 8- Projectile Motion 
Activities: Vectors and vector addition; Independence of X and Y 
Assignments for next session: 
• Galileo, G. (1959). Accelerated motion. (excerpts from Dialogues 
concerning two sciences). In Shamos, Morris (ed.) Great Experiments 
in Physics. New York: Holt, Rinehart and Winston. 
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• Newton, I. (1959). The laws of motion. (excerpts from the Principia). 
In Shamos, Morris (ed.) Great Experiments in Physics. New York: 
Holt, Rinehart and Winston. 
Session 5: Projectile Motion 
Test 1: One hour. 
Sections from Cutnell & Johnson: Sections 3.5 
Activities: Analyzing projectile motion; Monkey/hunter; Lab activity- Projectile 
Motion 
History/Philosophy Activities: Group and class discussion on Galileo ' s 
understanding of acceleration in his Dialogues. A comparison of Aristotle's, 
Galileo ' s and Newton's understanding afforce. 
Assignments for next session: 
WebAssign: Assignment 3 
Session 6: Forces in 2-Dimensions 
Sections from Cutnell & Johnson: Sections 4.9; 4.11-4.13 
Activities: Friction; Free-body diagrams; Applying Newton's Second Law 
Assignments for next session: 
• Toulmin, S. and Goodfield, J. (1962). The creation of mechanics. In 
The fabric of heavens: The development of astronomy and dy namics. 
New York: Harper & Row. 
Session 7: Relative Velocity; Review 
Sections from Cutnell & Johnson: Section 3.3 
Activities: Relative velocity in 1-D; Relative velocity in 2-D; Review force 
concepts 
History/Philosophy Activities: Group and class discussion on projectile motion 
contrasting Aristotle's, Galileo's and Newton ' s accounts. 
Assignments for next session: 
WebAssign: Assignment 4 
Session 8: Beyond Force 
Sections from Cutnell & Johnson: Section 7.1; 6.1-6.4 
Activities: Impulse; Work and Kinetic Energy; Lab activity- Energy and Work 
Assignments for next session: 
Summaries of two papers 
• Halloun, I. A. and Hestenes, D. (1985). Common sense concepts about 
motion. Am. J. Phys, 53 , 1056- 1065. 
• Clement, J. (1982) . Students' preconceptions m introductory 
mechanics. Am. J. Phys., 50, 66-71. 
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Session 9: Momentum Conservation 
Test 2: One hour. 
Sections from Cutnell & Johnson: Section 7.2- 7.6 
Active Physics: Sports, Chapter 2, Activity 7 - Collisions 
Activities: Momentum conservation; collisions 
Science Education Research Activity: overview; group and class discussion on the 
assigned Halloun & Hestenes and Clement articles. 
Assignments for next session: 
WebAssign: Assignment 5 
Due before next session: Participate in on-line discussion of the papers 
selected for preparing your curriculum design project or literature review project: 
On motion in 1-D (these are short and related): 
• Trowbridge, D.E. & McDermott, L.C. (1980). Investigation of student 
understanding of the concept ofvelocity in one dimension, Am. J Phys, . 
48( 12), 1020-1028. 
• McDermott, L.C., Rosenquist, M.L. & van Zee, E.H. (1987). Student 
difficulties in connecting graphs and physics: Examples from kinematics. 
Am. J Phys., 55 (6), 503-513. 
• Rosenquist, M.L. & McDermott, L.C. (1987). A conceptual approach to 
teaching kinematics. Am. J Phys., 55 (5) 407-415. 
On other misconceptions in mechanics: 
• McDermott, L.C., Shaffer, P.S. and Somers, M.D. (1994). Research as a 
guide for teaching introductory mechanics: An illustration in the context 
of the Atwood's Machine, Am. J Phys,. 62 (1), 46-55. 
• McCloskey, M. (1983). Intuitive Physics. Sci. Am., 248 (4), 122-130. 
Session 10: Energy 
Sections from Cutnell & Johnson: Sections 6.5- 6.8 
Activities: Lab activity- Collisions. 
Assignments for next session: 
Continue reading papers for projects. 
Session 11: Energy Conservation 
Sections from Cutnell & Johnson: Section 6.10 
Active Physics: Sports, Chapter 1, Activity 10 - Pole Vault 
Activities: Springs, Hooke's Law, Elastic Potential Energy; Energy Conservation 
Science Education Research Activity: Work in pairs planning culminating 
projects. 
Assignments for next session: 
W ebAssign: Assignment 6 
Session 12: Combining Momentum and Energy 
Sections from Cutnell & Johnson: Sections 7.3, 7.6 
Activities: Ballistic pendulum-type situations; Comparing analysis methods 
Science Education Research Activity: Students' presentations 
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Session 13 
Test 3: One hour. 
Cumulative Take home examination. 
Science Education Research Activity: Students' presentations. 
Hand in journals. 
Course debriefing. 
Course evaluations. 
Bibliography 
Selections from primary sources 
Aristotle (1989). Book II. (excerpts from Physics). In Matthews, M. (Ed.) The scientific 
background to modern science. Selected readings. (pp. 5 - 26). Indianapolis: Hackett. 
Galileo, G. (1959) Accelerated motion. (excerpts from Dialogues concerning two 
sciences). In Shamos, M. (Ed.) Great Experiments in Physics. New York: Holt, Rinehart 
and Winston. 
Newton, I. (1959). The laws ofmotion (excerpts from the Principia). In Shamos, M. 
(ed.) Great Experiments in Physics. New York: Holt, Rinehart and Winston. 
Selections from secondary sources 
Bostock, D. (1996). Introduction: Aristotle's cosmology. In Aristotle. Physics. (pp. xv, 
xvii) Oxford: Oxford Univ. Press. 
Toulmin, S. and Goodfield, J. (1962) The premature synthesis (Chap. 3); The creation of 
mechanics (Chap. 8). In The fabric of heavens: the development of astronomy and 
dynamics. (pp. 90- 1 05; 210 - 227). New York: Harper & Row. 
Selections from Physics Education Research Literature 
Trowbridge, D.E. & McDermott, L.C. (1980). Investigation of student understanding of 
the concept of velocity in one dimension, Am. J. Phys., 48 (12), 1020-1028. 
McDermott, L.C., Rosenquist, M.L. & van Zee, E.H. (1987). Student difficulties in 
connecting graphs and physics: Examples from kinematics. Am. J. Phys., 55, 503 -5 13. 
Rosenquist, M.L. & McDermott, L.C. (1987). A conceptual approach to teaching 
kinematics. Am. J. Phys., 55 (5) 407-415. 
McDermott, L.C., Shaffer, P.S. and Somers, M.D. (1994). Research as a guide for 
teaching introductory mechanics: An illustration in the context ofthe Atwood's Machine, 
Am. J. Phys., 62 (1 ), 46- 55. 
147 
McCloskey, M. (1983). Intuitive Physics. Sci. Am. , 248 (4), 122-130. 
Halloun, I. A. and Hestenes, D. (1985). Common sense concepts about motion. Am. J 
Phys. , 53 , 1056- 1065. 
Clement, J. (1982). Students' preconceptions in introductory mechanics. Am. J Phys, 50, 
66-71. 
148 
NS541: Concepts in Physics II: Rotation and Gravitation Syllabus 
Session 1: Uniform circular motion 
Sections from Cutnell & Johnson: 5.1- 5.4, 5.8, 
Web assignment 1 
Reading: 
• Copernicus, N. (1989). The commentariolus. & Dedication of the revolutions of the 
heavenly spheres. In Matthews, M .. (Ed.) The scientific background to modern 
philosophy. Selected readings. (pp 36 -44). Indianapolis: Hackett Publishing Co. 
• Newton, Principia, The Motion of Bodies, Proposition IV (Handout) 
• Review Newton's Laws of Reasoning from Shamos, page 55 . 
Session 2: Vertical circular motion 
Sections from Cutnell & Johnson: 5.7 
Philosophy/History/Education Research: 
• Overview: Understanding the heliocentric model and its consequences for the 
development of Modern Physics 
• Newton's account of centripetal forces 
Web assignment 2 
Session 3: Rotational Kinematics 
Sections from Cutnell & Johnson: Chapter 8 
Reading: 
• Cavendish, H. (1959). The law of gravitation. In Shamos (Ed.) Great experiments in 
physics. (pp. 75- 92). New York: Holt, Rinehart and Winston. 
Session 4: Torque and Rotational Inertia 
Sections from Cutnell & Johnson: 9.1, 9.7 
Session 5: Newton's Second Law for Rotation 
Sections from Cutnell & Johnson: 9.2, 9.3 
Philosophy/History/Education Research: Cavendish and the experimental modeling 
of the law of gravitation 
Web assignment 3 
Reading: 
• Novak, J. & Gowin, B. (1995). Learning how to learn . (pp. 14- 34).New York: 
Cambridge Univ. Press 
• Hesse, Mary. (1978) Action at a distance. In McMullin, E. (Ed.) The concept of 
matter in modern philosophy. (pp. 119- 125). Notre Dame: Notre Dame Univ. 
Press. 
Session 6: Rotational Dynamics 
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Sections from Cutnell & Johnson: 9.4 
Lab activity: Torque and Moments oflnertia 
Session 7: Angular Momentum 
Sections from Cutnell & Johnson: 9.6 
Lab activity: Conservation of Angular Momentum 
Philosophy/History/Education Activity: Understanding and discussing 'action at a 
distance.' Exploring and comparing models from Aristotle to Newton of curved motion 
and inertial frame through group concept-mapping. 
Web assignment 4 
Reading: 
o Scherr, R.E. & Redish, E.F. (2005) Newton's Zeroth Law: Learning from Listening to 
Our Students. Phys. Teach. 43,41-45. 
o Trumper, R. (1996). Teaching about energy through a spiral curriculum: guiding 
principles. Journal ofCurriculum and Supervision, 12, 66-75. 
Session 8: Rotational Kinetic Energy and Rolling 
Sections from Cutnell & Johnson: 9.5 
Midterm test 
Session 9: Gravitation; Superposition ofForces 
Sections from Cutnell & Johnson: 4.7 
Web assignment 5 
Session 10: Gravitational Field 
Readings : class notes 
Philosophy/History/Education Research: Misconceptions on gravitation and on energy. 
Session 11: Gravitational Potential Energy 
Sections from Cutnell & Johnson: 5.5- 5.6 
Web assignment 6 
Session 12: Gravitational potential; Kepler's Laws 
Readings: class notes 
Philosophy/History/Education Research: Students' presentations. 
Session 13: Wrap-up 
Philosophy/History/Education Research: Students' presentations. 
Take-home exam. 
Course evaluation. 
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Bibliography 
Selections from primary sources 
Copernicus, N. (1989). The commentariolus. & Dedication ofthe revolutions of the heavenly 
spheres. In Matthews, M. (Ed.) The scientific background to modern philosophy. Selected 
readings. (pp 36 --44). Indianapolis: Hackett Publishing Co. 
Newton, I. (2002). Principia. (pp. 1-11). Philadelphia: Running Press. 
Cavendish, H. (1959). The law of gravitation. In Shamos (Ed.) Great experiments in physics. 
(pp. 75- 92). New York: Holt, Rinehart and Winston. 
Selections from secondary sources 
Hesse, Mary. (1978) Action at a distance. In McMullin, E. (Ed.) The concept of matter in modern 
philosophy. (pp. 119-125). Notre Dame: Notre Dame Univ. Press. 
Selections from Physics and Science Education Research Literature 
Novak, J. & Gowin, B. (1995). Learning how to learn. (pp. 14- 34). New York: Cambridge 
Univ. Press. 
Scherr, R.E. & Redish, E.F. (2005) Newton's Zeroth Law: Learning from Listening to Our 
Students. Phys. Teach. 43, 41 -45 . 
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Journal ofCurriculum and Supervision, 12, 66-75 . 
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NS542: Concepts in Physics III: Fluids and Thermodynamics Syllabus 
Session 1: Static Fluids 
Sections from Cutnell & Johnson: 11.6, 11.1 
Pretest on fluids, heat, and thermodynamics 
Laboratory Activity: Fluids; atmospheric pressure. 
Reading Assignment for online Discussion: 
• Archimedes' On Floating Bodies from Works of Archimedes. 
• Drake, Stillman. Cause, Experiment & Science. Selections. (p . 21 - 42) 
• Recommended: Galileo, G. Dialogues concerning two new sciences. (pp. 64 -
86). Selections to be specified. Text available online at books.google.com. 
ONLINE Session 2: Static Fluids and Pressure 
Sections from Cutnell & Johnson: 11.2 - 11.5, 11.12 
Web assignment I 
Fri. Jan. 11 Session 3: Fluid Demonstrations, and Fluid Dynamics I 
Sections from Cutnell & Johnson: 11.7 - 11.1 0 
Activity: Demonstrations related to atmospheric pressure and Bernoulli's equation 
Activity: Applying Bernoulli ' s Equation 
Reading Assignment for online Discussion: 
• Lovemde, M.E., Kautz, C.H., and Heron, P.R.L. (2003). Helping students develop 
an understanding of Archimedes' principle. I. Research on student understanding. 
American Journal of Physics, 71, 1178 - 1187. 
• Heron, P.R.L., Lovemde, M.E., Shaffer, P.S., and McDermott, L.C. (2003) . 
Helping students develop an understanding of Archimedes' principle. II . 
Development of research-based instmctional materials . American Journal of 
Physics, 71 , 1188 - 1195. 
ONLINE Session 4: Fluid Dynamics II 
Sections from Cutnell & Johnson: 11.7 - 11.1 0 
Activity: More applications of Bernoulli ' s Equation 
Web assignment 2 
Session 5: History/Philosophy/Education Research 
Philosophy/Histmy/Education Research: In class discussion of Archimedes and Galileo 
readings, and discussion of student misconceptions about buoyancy and Archimedes ' 
principle. 
ONLINE Session 6: Temperature and Thermal Expansion 
Sections from Cutnell & Johnson: 12.1- 12.8, 12.11 
152 
Activities: Temperature scales, Absolute Zero. Why are bridges and railroads built with 
gaps? 
Web assignment 3 
Reading Assignment for online Discussion: 
• Toulmin, S. and Goodfield, J. (1962). Lavoisier's New System. In The 
Architecture of Matter (pp. 216-222) . Chicago: Univ. Chicago Press. 
Session 7: Heat and Heat transfer 
Sections from Cutnell & Johnson: Chapter 13 
Active Physics: Activity on conduction- "Home" Ch 1, Activity 5. 
Laboratory Activity- Mechanical Equivalent of Heat (move to session 7) 
Activity: Modes of heat transfer 
ONLINE Session 8: Calorimetry 
Equivalence of heat and energy- Joule 's experiment; Specific heat; Latent Heat 
Web assignment 4 
Reading Assignment for online Discussion: 
• Wiser, M. and Carey, S. (1983). When Heat and Temperature Were One. In 
Gentner, D. and Stevens, A.L. (Eds.) Mental Models. New York: Lawrence 
Erlbaum Associates, Publishers. 
Session 9: Midterm exam 
Laboratory Activity-- Specific heat 
ONLINE Session 10: Kinetic theory 
Sections from Cutnell & Johnson: Chapter 14 
Activities: Temperature and kinetic energy; Ideal Gas Law; Maxwell distribution 
Web assignment 5 
Reading Assignment for online Discussion: 
• Maxwell, J.C. (1996) Document 16: Molecules. In Garber, E., Brush, S.G. and 
Everitt, C.W.F. (Eds.) Maxwell on Molecules. Cambridge: MIT Press. 
Session 11: The First Law of Thermodynamics 
Sections from Cutnell & Johnson: Chapter 15.1 - 15.4 
Activities: Thermodynamic processes, or How We Gain or Lose Weight 
Philosophy/History/Education Research: In class discussion of readings on the historical 
theory of heat. 
Reading Assignment for online Discussion: 
• Kautz, C.H. , Heron, P.R.L., Loverude, M.E., and McDermott, L.C. (2005). 
Student understanding of the ideal gas law, Part I: A macroscopic perspective. 
American Journal of Physics, 73 (11), 1055- 1063. 
• Kautz, C.H., Heron, P.R.L., Shaffer, P .S., and McDermott, L.C. (2005) . Student 
understanding of the ideal gas law, Part II: A microscopic perspective. American 
Journal of Physics, 73 (11 ), I 064 - I 071. 
ONLINE Session 12: The Second Law of Thermodynamics 
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Sections from Cutnell & Johnson: 15.5 - 15.7 
Activities: More thermodynamic processes; Heat engines; Thermodynamic cycles 
Web assignment 6 
Reading Assignment for Session 12: 
• Brush, S. (1983). VII. Statistical mechanics and the philosophy of science. In 
Statistical physics and the atomic theory of matter. Princeton: Princeton Univ. 
Press. 
Session 13: The Ever-Increasing Entropy 
Sections from Cutnell & Johnson: 15.8- 15.10, 15.13 
Activities: Statistical viewpoint of entropy-why does heat flow from hot to cold? 
Philosophy/History/Education Research: Misconceptions in thermodynamics 
Take home exam handed out 
Session 14: Wrap-up 
Take home exam due 
Student' s presentations. 
Course evaluation . 
Selections from primary sources 
Bibliography 
Drake, Stillman (1981 ). Cause, Experiment and Science. (Chicago). University of Chicago Press . 
This is a recommended book. This book is available online for less than $1 . Principal cost is 
shipping. 
Einstein, A. (1915). Theoretical Atomism. In The Collected Papers of Albert Einstein, Volume 4. 
Princeton University Press. 
Heath, T.L. (1953). Works of Archimedes. (New York). Dover. 
This is a recommended book. Available online for about $17 plus shipping. 
Maxwell, J.C . (1996) Document 16: Molecules. In Garber, E., Brush, S.G. and Everitt, C.W.F. 
(Eds.) Maxwell on Molecules. Cambridge: MIT Press. 
Selections from secondary sources 
Wiser, M. and Carey, S. (1983). When Heat and Temperature Were One. In Gentner, D. and 
Stevens, A.L. (Eds.) Mental Models . New York: Lawrence Erlbaum Associates, Publishers. 
Toulmin, S. and Goodfield, J. (1962). Lavoisier's New System. In The Architecture of Matter 
(pp. 216-222). Chicago: Univ. Chicago Press. 
This is a required book for the course. 
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Brush, S. ( 1983). VII. Statistical mechanics and the philosophy of science. In Statistical physics 
and the atomic theory of matter. Princeton: Princeton Univ. Press. 
Selections from Physics Education Research Literature 
Loverude, M.E., Kautz, C.H., and Heron, P. R.L. (2003). Helping students develop an 
understanding of Archimedes' principle. I. Research on student understanding. American 
Journal of Physics, 71 (11), 1178- 1187. 
Heron, P.R.L., Loverude, M.E., Shaffer, P.S., and McDermott, L.C. (2003). Helping students 
develop an understanding of Archimedes' principle. II. Development of research-based 
instructional materials. American Journal of Physics, 71, 1188- 1195. 
Kautz, C.H., Heron, P.R.L., Loverude, M. E., and McDermott, L.C. (2005). Student 
understanding of the ideal gas law, Part 1: A macroscopic perspective. American Journal of 
Physics, 73 (11), 1055- 1063. 
Kautz, C.H., Heron, P.R.L., Shaffer, P.S., and McDermott, L.C. (2005). Student understanding 
of the ideal gas law, Part II: A microscopic perspective. American Journal of Physics, 73 (11), 
1064 - 1071. 
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NS543: Concepts in Physics IV: Electrostatics, Magnetostatics, and DC Circuits Syllabus 
Session 1: Charge, Conductors and Insulators, Induced Charge, Coulomb's Law 
Pre-test 
Sections from Cutnell & Johnson: 18.1- 18.5 
Reading assignment for Session 3: 
• Excerpt from LB. Cohen's Benjamin Franklin's Experiments (1941). Chapter Two: 
Electricity Before Franklin. Read Sections 1 and 2, pp. 21 - 4 7. 
Session 2: Electric Field, Charge on Conductors 
Sections from Cutnell & Johnson: 18.6 - 18.11 
Web assignment 1 
Session 3: Electric Potential Energy and Electric Potential. 
Sections from Cutnell & Johnson: 19.1- 19.4 
Laboratmy Experiment: Electric Fields and Potentials 
Philosophy/History/Education Research: Overview of the history of electricity. 
Reading assignment for Session 5: 
Benjamin Franklin: Papers on Electricity collected by Robert A. Morse. Read Part III. 
Experiments and theory of the Leyden jar. Read Franklin' s theory and try some 
experiments. 
ONLINE Session 4: Connecting Potential and Field; Capacitors and Dielectrics 
Sections from Cutnell & Johnson: 19.5 
Home Laboratory Experiment: Construct a Leyden Jar following Ben Franklin as my Lab 
Partner: Section I. Bring your Leyden Jar for Session 7. 
Web assignment 2 
Session 5: Current, Batteries, Resistance, and Ohm's Law 
Sections from Cutnell & Johnson: 20.1 - 20.7 
Laboratory Experiment: Ohm's Law 
Reading assignment for Session 7: 
Benjamin Franklin: Papers on Electricity collected by Robert A. Morse. Observations 
and Conjectures, Sections 1 through 18 (pp. 36- 43) and Sections 33 - 36 (pp. 51 - 53). 
Morse's annotated version is Ben Franklin as my Lab Partner, Part VI. 
ONLINE Session 6: Series and parallel circuits, ammeters and voltmeters 
Sections from Cutnell & Johnson: 20.8- 20.9. 20.13-20.14 
Chapter 2 from Structure of Scientific Revolutions by Thomas Kuhn. 
Web assignment 3 
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Session 7: Franklin's theory 
Philosophy/History/Education Research: Franklin's electricity theory and experiments . 
ONLINE Session 8: Kirchhoff's Rules, RC Circuits. 
Sections from Cutnell & Johnson: 20.10- 20.11 
Web assignment 4 
Session 9: Midterm Exam 
Laboratory Experiment: RC Circuits 
ONLINE. Session 10: Magnetic Fields 
Sections from Cutnell & Johnson: 21.1 , 21.7 
Web assignment 5 
Reading assignments for online discussion and summative Session 13: 
• McDermott, L. and Shaffer, P. (1992). Research as a guide for curriculum 
development: An example from introductory electricity. Part I: Investigation of student 
understanding. American Journal of Physics, 60, 994-1003 . 
• Shaffer, P. and Shaffer, P. and McDermott, L. (1992) . Research as a guide for 
curriculum development: An example from introductory electricity. Part II: Design of 
instructional strategies. American Journal of Physics, 60, 1003-1013. 
• Cohen, R. , Eylon, B., Ganiel, U. (1983). Potential difference and current in simple 
electric circuits: A study of students' concepts. American Journal of Physics, 51 , 407-
412. 
• Heller, P.M. and Finley, F.N. (1992). Variable Uses of Alternative Conceptions: A 
Case Study in Current Electricity. Journal of Research in Science Teaching, 29, 259-
275 . 
Session 11: The magnetic force on charged particles and wires 
Sections from Cutnell & Johnson: 21.2.21.4 
Laboratory Experiment: Charge-to-mass ratio of the electron 
ONLINE Session 12: Magnetic fields produced by current 
Sections from Cutnell & Johnson: 21.5-21.6 
Web assignment 6 
Session 13: Forces on wires, torques on wire loops; Magnetic materials 
Sections from Cutnell & Johnson: 21.8 - 21.10 
Laboratory Experiment: Ampere's Law 
Philosophy/Histmy!Education Research: Misconceptions on electricity. 
Take home exam handed out 
Electrostatic generators due. 
Session 14: Wrap-up 
Student presentations. 
Take home exam due 
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Bibliography 
Selections from primary sources 
Morse, R. A. (2004). A Comprehensive Collection of Franklin 's Electrical Works: The Electrical 
Writings of Benjamin Franklin. 
http://www.tufts.edu/as/wright center/fellows/bob morse 04/index.html 
Specifically, refer to Letter III to Peter Collinson (1747) and to Additional Papers for Peter 
Collinson, Opinions and Conjectures (1750). 
Selections from secondary sources 
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example from introductory electricity. Part I : Investigation of student understanding. American 
Journal of Physics, 60, 994-1003 . 
Shaffer, P. and McDermott, L. (1992). Research as a guide for curriculum development: An 
example from introductory electricity. Part II: Design of instructional strategies. American 
Journal of Physics, 60, 1003-1013. 
Cohen, R. , Eylon, B. , Ganiel, U. (1983). Potential difference and current in simple electric 
circuits: A study of students' concepts. American Journal of Physics, 51 , 407-412. 
Heller, P.M. and Finley, F.N. (1992). Variable Uses of Alternative Conceptions: A Case Study in 
Current Electricity. Journal of Research in Science Teaching, 29, 259-275. 
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NS544: Concepts in Physics V: Waves and Geometrical Optics Syllabus 
Session 1: Harmonic Motion. 
Readings from Cutnell & Johnson: 10.1 - 10.3, 10.9 
Laboratory experiment: Simple Harmonic Motion 
Waves and Optics Pre-Tests 
ONLINE Session 2: Springs; Pendulums. 
Readings from Cutnell & Johnson: 10.4- 10.6 
Web assignment I 
Reading assignment for online sessions 2 and 3: 
Galileo, G. (1954). Dialogues concerning two new sciences. Section 127 - 150. 
Session 3: Waves on Strings. 
Readings from Cutnell & Johnson: 16.1- 16.3 
ONLINE Session 4: Transverse and Longitudinal Waves 
Readings from Cutnell & Johnson: 16.4 - 16.6 
Web assignment 2 
Reading assignment for online sessions 4 and 5: 
• Matthews, M. (1994). History and philosophy in the classroom: the case of the 
pendulum motion. In. Science teaching. The role of history and philosophy of 
science. New York: Routledge. 
Session 5: Waves in Air Columns --Sound. 
Readings from Cutnell & Johnson: 17.1 - 17.8 
Laboratory experiment: Sound 
Philosophy/History/Education Research: A critical appraisal ofGalileo's account of 
pendulum motion including Matthews discussion. 
Home Project Due: Pendula or other oscillators. 
ONLINE Session 6: Doppler effect 
Readings from Cutnell & Johnson: 16.7 - 16.1 0 
Web assignment 3 
Reading assignment for online sessions 6 and 7: 
• Wittmann, M.C. (2002). The object coordination class applied to wavepulses: 
analyzing student reasoning in wave physics. In. J. of Sci. Ed. (24) 1, 97 - 118. 
• Wittmann, M.C., Steinberg, R.N. , and Redish, E.F (1999). Making sense of how 
student's make sense of mechanical waves. Physics Teacher. 37, 15-21. 
• Chi, M.T.H. and Slotta, J.D. (1993). The Ontological Coherence oflntuitive 
Physics . Cognition and Instruction, 10, 249-260. 
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Session 7: Midterm Test 
Midterm test on Harmonic Motion and Waves 
Philosophy/History/Education Research: Discussion of Chi's ontological categories and 
Wittmann's object analysis of students' misconceptions. 
ONLINE Session 8: Reflection, spherical mirrors, ray diagrams. 
Readings from Cutnell & Johnson: Chapter 25 
Web assignment 4 
Computer-Based Activities: Virtual optical bench. 
Reading assignment for online sessions 8 and 9: 
• Goldberg, F.M., McDermott, L.C. (1986). Student difficulties in understanding 
image formation by a plane mirror. Physics Teacher, 24, 472-480. 
• Goldberg, F.M., McDermott, L.C. (1987). An investigation of student 
understanding of the real image formed by a converging lens or concave mirror. 
Am. J. Phys. 55 (2) 108 - 119. 
Session 9: Refraction and total internal reflection. 
Readings from Cutnell & Johnson: 26.1 - 26.5 
Laboratory experiment: Geometrical optics. 
Philosophy/History/Education Research: Discussion of misconceptions literature on 
optics . 
ONLINE Session 10: Lenses and ray diagrams. 
Readings from Cutnell & Johnson: 26.6-26.9 
Web assignment 5 
Session 11: Optical instruments. 
Readings from Cutnell & Johnson: 26.9-26.10,26.15 
Take home exam handed out 
Applications: The human eye and the camera. 
Home Project Due: Home made telescope or microscope. 
ONLINE Session 12: Light, color, and shadows. 
Readings from Cutnell & Johnson: 26.11 - 26.14 
Applications: Rods and cones in the human eye. 
Session 13: Review of Light 
Waves and Optics Post-tests. 
Session 14: Wrap-up 
Student presentations. 
Take home exam due 
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Crew and De Savio. New York: Dover Pub. 
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Chi, M.T.H. (1997) Creativity: Shifting Across Ontological Categories Flexibly. In T.B. Ward, 
S.M. Smith and J. Vaid (eds .), Creative Thought: An Investigation of Conceptual Structures and 
Processes. Washington, D.C.: American Psychological Association. pp. 209- 234. 
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NS545: Concepts in Physics VI: Electromagnetic Induction and Physical Optics Syllabus 
Session 1: Faraday's Law 
Sections from Cutnell & Johnson: 22.1- 22.4, 22.10 
Philosophy/History/Education Research: Faraday and his experiments. 
Laboratory experiment: Investigating the interactions between a magnet and a coil 
connected to a galvanometer. 
Reading assignment for Session 3: 
• Toulmin, S. & Goodfield, J. (1962).The classical synthesis (chapter 3). In The 
architecture of matter. Chicago: University of Chicago Press. 
• In Shamos, M. (Ed.) Great experiments in physics. New York: Holt, Rinehart and 
Winston. 
Optional reading: 
• Tricker, R.A.R. ( 1962) Early electrodynamics. In The first law of circulation. 
London: Pergamon Press. 
Session 2: Lenz's Law. 
Sections from Cutnell & Johnson: 22.2 
Laborat01y experiment: "Faraday's Law" 
Mathematics and Problem-Solving: Typical Faraday's Law problems. 
Web assignment I 
Session 3: Motional emf and eddy currents. 
Sections from Cutnell & Johnson: 22.5 
Philosophy/HistOJy!Education Research: The mechanical view of electromagnetic 
phenomena. 
Laboratory experiment: Eddy currents 
Applications: Train brakes. 
Reading assignment for Session 6: 
• Huygens, C. (1955) . Treatise on light. (pp. 10- 22). Chicago: University of 
Chicago Press . 
Recommended reading: 
• Whitaker, E. (1952) The luminous medium from Bradley to Fresnel. In A history 
of the theories of aether and electricity. The classical theories. (pp. 101 -1 08; 114 
- 117). New York: Thomas Nelson and Son Co. 
Session 4: Transformers and Generators 
Sections from Cutnell & Johnson: 22.7- 22.8 , 22.10 
Demonstrations: A generator and a motor; a transformer. 
Laboratory experiment: "Generating electricity" 
Mathematics and Problem-Solving: Ideal transformers. 
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Applications: Power generation and transmission. 
Web assignment 2 
Session 5: Test 1; Electromagnetic Waves and Polarized light. 
Sections from Cutnell & Johnson: Chapter 24. 
Test I: 1-hour test on sessions 1-4. 
Applications: Radio and television; microwave ovens. 
Laboratory experiment: "Polarized light" 
Mathematics and Problem-Solving: Solving problems using Malus' law. 
Session 6: The interference of light. 
Sections from Cutnell & Johnson: 27.1, 27.2, 27.10 
Philosophy/History/Education Research: Huygens and he wave theory of light. 
Laboratory experiment: "Interference and Diffraction" 
Applications: Radar detectors; The Doppler shift as a tool in Astronomy. 
Web assignment 3 
Reading assignment for Session 7: 
• Young,T. (1959) The interference of light. In Shamos (Ed.) Great exp eriments in 
physics. New York: Holt, Rinehart and Winston. 
Session 7: Interference and Diffraction. 
Sections from Cutnell & Johnson: 27.5-27.9 
Philosophy/History/Education Research: Wave theories of light: Young's experiment 
and Fresnel transverse waves. 
Laboratory Experiment: "Interference and Diffraction" 
Mathematics and Problem-Solving: Solving problems involving single and double slits. 
Reading assignment for Session 8: 
• Newton, I. (1952) The second book of Opticks. In Opticks or a treatise of the 
reflections, refractions, inflections and colours of light. (pp. 193 - 208 through 
obs. 12; 279-282). New York: Dover. 
Session 8: Thin-film interference. 
Sections from Cutnell & Johnson: 27.3, 27.10 
Philosophy/History/Education Research: Discussing Newton's Opticks . 
Demonstrations: Various thin films . 
Applications: Soap bubbles; non-reflective coatings. 
Web assignment 4 
Reading assignment for Session 10: 
• Atticles from Selections from Physics Education Research Literature as listed 
above in the bibliography. 
Session 9: Test 2; Inductors and Inductance. 
Sections from Cutnell & Johnson: 22.9 
Test2: 1-hour test on sessions 6 - 8. 
Laboratory experiment: "RL Circuits" 
Mathematics and Problem-Solving: Using exponentials. 
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Session 10: Introduction to AC Circuits. 
Sections from Cutnell & Johnson: 23.1-23.4 
Philosophy/History/Education Research: Wave theories of light: Young's experiment 
and Fresnel transverse waves. 
Laboratory experiment: "Introduction to AC Circuits" 
Mathematics and Problem-Solving: Understanding the impedance triangle. 
Web assignment 5 
Session 11: RLC Circuits and Resonance 
Sections from Cutnell & Johnson: 23.5-23.7 
Laboratory experiment: "RLC Circuits" 
Mathematics and Problem-Solving: Applying the impedance triangle. 
Session 12: Presentations 
Philosophy/History/Education Research: Students' presentations 
Web assignment 6 
Session 13: Test3; Course wrap-up. 
Review of AC Circuit concepts and applications. 
Take home exam. 
Hand in journals. 
Course evaluation. 
Bibliography 
Selections from primary sources 
Huygens, C. ( 1955). Treatise on light. (pp. 10- 22). Chicago: University of Chicago Press. 
Faraday, M. (1959). Electromagnetic induction and laws of electrolysis. In Shamos, M. (Ed.) 
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New York: Holt, Rinehart and Winston. 
Newton, I. (1952) The second book ofOpticks. In Opticks or a treatise of the reflections, 
refractions, inflections and colours of light. (pp. 193 - 208 through obs. 12; 279-282). New 
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Nelson and Son Co. 
Selections from Physics Education Research Literature 
Serouglou, F; Koumaras, P. and Tselfes, V. (1998). History of science and instructional design: 
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student ' s comprehension ofthe electric field concept. Am. J Phys. 61 (4), 335-338. 
Ambrose, B.S., Heron, S. V., and McDermott, L.C. (1999) Student understanding of light as an 
electromagnetic wave: relating the formalism to physical phenomena. Am. J Phys. 67(10), 891-
898. 
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J Phys. 65 (9), 867-882. 
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NS546: Concepts in Modem Physics I: Quantum Mechanics Syllabus 
Reading assignment for first session: 
• Niaz, M. & Rodrigues, M.A. (2002) Improving learning by discussing controversies in 
20th century physics. Physics Education 37(1) 59 - 63. 
Session 1: The Electron; Blackbody Radiation. 
Active Physics CoreSelect: Atoms on Display 2 - Tiny and Indivisible 
Sections from Cutnell & Johnson: 29.1 - 29.2 
Laboratory experiment: "The Millikan oil-drop experiment" 
Philosophy/History/Education Research: Overview of scientific revolutions. Overview of 
the conundrums facing physicists in 1900. 
Reading assignment for next Friday: 
• Toulmin, S. and Goodfield, J. (1962). Entering the Quantum World (Ch. 12) and 
Sharpening the Focus (Ch. 13). The architecture of matter. Chicago: University of 
Chicago Press. 
• Holton, G. ( 1978). The scientific imagination: case studies. (pp. 25-83). 
Cambridge: Cambridge University Press. 
Session 2: Rutherford and the Nucleus. 
Active Physics CoreSelect: Atoms on Display 3 -How Big is Small? 
Sections from Cutnell & Johnson: 30.1 
Web assignment 1 
Session 3: Atomic Spectra; Models of the Atom. 
Active Physics: Atoms on Display 4 - Hydrogen Spectra/Bohr's Model 
Sections from Cutnell & Johnson: 30.2- 30.3 
Applications: Spectroscopy. 
Session 4: Atomic Spectra lab experiment 
Sections from Cutnell & Johnson: 30.2- 30.3 
Laboratory experiment: "Atomic Spectra" 
Web assignment 2 
Philosophy/History/Education Research: Millikan and Ehrenfast controversy. 
Reading assignment for next Friday: 
• Bohr, N. (1913). On the Constitution of Atoms and Molecules. Philosophical 
Magazine, 26, 1-25. 
• Romer, A. (1997). Proton or prouton?: Rutherford and the depths of the atom. 
American Journal of Physics, 65, 707-716. 
Session 5: Test 1; Matter Waves; Photoelectric effect. 
Active Physics: Atoms on Display 5- Extending and Amending the Model 
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Sections from Cutnell & Johnson: 29.3, 29.5. 
Test 1: 1-hour test on sessions 1 - 4. 
Session 6: Photoelectric effect lab experiment. 
Sections from Cutnell & Johnson: 29.3, 29.7 
Laboratory experiment: "Photoelectric Effect" 
Web assignment 3 
Reading assignment for next Friday: 
• L. Bao and E. Redish (2002) Understanding Probabilistic Interpretations of Physical 
Systems: A Prerequisite to Learning Quantum Physics. Am. J. Phys, 70, 210-217. 
Session 7: Classical and Quantum-mechanical Probability. 
Chapter 6 from Physlet Quantum Physics 
Sections from Cutnell & Johnson: 29.6 
Philosophy/History/Education Research: Bohr's development of a quantum atom model 
and Rutherford 's experimental verification of the structure of the nucleus. 
Reading assignment for next Friday: 
• Articles from Selections from Physics Education Research Literature as listed in the 
bibliography. 
Session 8: The Schrodinger Equation 
Chapter 7 from Physlet Quantum Physics 
Web assignment 4 
Sections from Cutnell & Johnson: 30.5- 30.6 
Session 9: The Strong Nuclear Force. 
Active Physics CoreSelect: Atoms on Display 6 - Inside the Nucleus 
Sections from Cutnell & Johnson: 31.1-31.3 
Philosophy/History/Education Research: Group work to discuss and prepare students' 
projects . 
Session 10: Test 2; Nuclear Decay and Radioactivity. 
Test2: 1-hour test on sessions 5-9. 
Active Physics: Atoms on Display 7 - Radioactive Decay and the Nucleus 
Web assignment 5 
Sections from Cutnell & Johnson: 31.4- 31.7 
Session 11: Nuclear Binding Energy. 
Active Physics: Atoms on Display 8 - Holding the Nucleus Together 
Sections from Cutnell & Johnson: 32.5 
Philosophy/History/Education Research: The pedagogical development of the Exploring 
Quantum Concepts curriculum. 
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Session 12: Nuclear Fission. 
Active Physics: Atoms on Display 9- Breaking Up Is Hard to Do 
Web assignment 6 
Sections from Cutnell & Johnson: 32.3- 32.4 
Session 13: Presentations. 
Philosophy/History/Education Research: Students' presentations 
Test 3: Take-home test. 
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NS 547: Concepts in Modern Physics II: Special Relativity and Related Topics Syllabus . 
Session 1: Units of Measurement for Spacetime Physics. 
Spacetime Physics: Chapter 1. 
Assignment: Selected problems - Chapter 1. 
Reading Assignment for Session 2: 
• Making of the Atomic Bomb: Chapter 2 
Session 2: Inertial Frames and Measuring Time. 
Spacetime Physics: Chapter 2. 
Assignment: Selected problems - Chapter 2. 
Reading Assignment for Session 3: 
• Maldng of the Atomic Bomb: Chapter 3 
Session 3: The Principle of Relativity 
Spacetime Physics : Chapter 3. 
Assignment: Selected problems - Chapter 3. 
Reading assignment for session 5: 
• Schen-, R., Schaffer, P. & Vokos, S. (2002) . The challenge of changing deeply 
held student beliefs about the relativity of simultaneity. American Journal of 
Physics, 70 (2), 1238-1248. 
• Scherr, R., Schaffer, P. & Vokos, S. (2001). Student understanding of time in 
special relativity: Simultaneity and reference frames. American Journal of 
Physics, 69 (Sl), S24-S35. 
• Making of the Atomic Bomb: Chapter 4 
Session 4: The Lorentz Transformation. 
Spacetime Physics: Special Topic: Lorentz Transformation. 
Assignment: Selected problems on Lorentz transformation. 
Reading Assignment for Session 5: 
• Making of the Atomic Bomb: Chapter 6 
Session 5: Lorentz transformations, Simultaneity, Twin Paradox. 
Spacetime Physics: Chapter 4. 
Mathematics and Problem-Solving: The mathematics oftransfonnations. 
Assignment: Selected problems - Chapter 4. 
Philosophy/History/Education Research: Misconceptions on simultaneity and reference 
frames 
Reading Assignment for Session 6: 
• Making of the Atomic Bomb: Chapter 8 
Session 6: The Worldline and a Spacetime Map 
Spacetime Physics: Chapter 5. 
Assignment: Selected problems - Chapter 5. 
Reading Assignment for Session 7: 
• Making ofthe Atomic Bomb: Chapter 10 
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Session 7: Regions of Spacetime 
Spacetime Physics: Chapter 6. 
Assignment: Selected problems - Chapter 6. 
Reading Assignment for Session 8: 
• Making of the Atomic Bomb: Chapter 11 
Session 8: Momentum and Energy: Four Vectors and Momenergy 
Midterm test 
Spacetime Physics: Chapter 7. 
Assignment: Selected problems - Chapter 7. 
Philosophy/Hist01y!Education Research: Students' presentations 
Reading Assignment for Session 9: 
• Making of the Atomic Bomb: Chapter 13 
Session 9: Equivalence of Mass and Energy. 
Spacetime Physics: Chapter 8. 
Concepts: E=mc2, fission, fusion, annihilation. 
Assignment: Selected problems - Chapter 8. 
Philosophy/Hist01y/Education Research: Students' presentations 
Reading Assignment for Session 10: 
• Making of the Atomic Bomb: Chapter 15 (p. 486-496) 
Session 10: Applications of Energy and Mass Equivalence. 
Assignment: More selected problems - Chapter 8. 
Philosophy/History/Education Research: Students' presentations 
Session 11: Gravity: Curved Spacetime in Action 
Spacetime Physics: Chapter 9. 
Assignment: Selected problems - Chapter 9. 
Philosophy/History/Education Research: Students' presentations 
Session 12: Cosmology. 
Philosophy/History/Education Research: Students' presentations 
Take home exam 
Session 13: Wrap up 
Philosophy/History/Education Research: Students' presentations 
Course evaluation 
170 
Bibliography 
Rhodes, R. (1986). The Making of the Atomic Bomb. Simon & Schuster, New York. 
Selections from Physics Education Research Literature 
Scherr, R. , Schaffer,P & Vokos, S. (2002). The challenge of changing deeply held student beliefs 
about the relativity of simultaneity. American Journal ofPhysics, 70 (2), 1238-1248. 
Scherr, R., Schaffer,P & Vokos, S. (2001). Student understanding of time in special relativity: 
Simultaneity and reference frames. American Journal ofPhysics, 69 (Sl), S24-S35 . 
171 
NS548: Computer Modeling of Physical Phenomena Syllabus 
Session 1: Overview I. 
An overview of simulation packages, including Physlets, VPython, Phet simulations, and 
the Falstad simulations. 
Session goal: Become aware of the various Physics simulations that are freely available 
on the Internet 
Assignment: Create a lesson plan or classroom activity, such as a virtual laboratory 
experiment, built around a Phet simulation 
Reading Assignment for Session 2: 
• Finkelstein, N., Perkins, K., Adams, W., Keller, K., Kohl, P., LeMaster, R., 
Podolefsky, N., and Reid, S. (2005). When learning about the real world is better 
done virtually: a study of substituting computer simulations for laboratory 
equipment. Physical Review Special Topics: Physics Education Research, I, 
010103, 1-8. 
Scripting Physlets: Force and motion using Animator. 
Session goal: Start learning to script Physlet simulations 
Programming assignment: ModifY an existing Physlet simulation, or create your own, 
to demonstrate a physics concept you discuss in your own classroom. The simulation 
should be based on the Animator Physlet. 
Reading Assignment for Session 3: 
• Cox, A. , Belloni, M., Dancy, M. and Christian, W. (2003). Teaching 
thermodynamics with Physlets in introductory physics, Phys. Educ. 38, 433-440. 
Session 3: Scripting Physlets II: Electric field; Optics. 
Session goal: Continue learning to script Physlet simulations 
Programming assignment: ModifY an existing Physlet simulation, or create your own, 
to demonstrate a physics concept you discuss in your own classroom. The simulation 
should be based on a Physlet other than the Animator Physlet. 
Reading Assignment for Session 4: 
• Dancy, M., Christian, W. and Belloni, M. (2002). Teaching with Physlets: 
Examples from Optics. Phys. Teach., 40, 494. 
Session 4: Easy Java Simulations I- Modeling harmonic motion. 
Session goal: Learn how to download and install the EJS package on your own 
computer. Work through chapter 1 of the EJS manual to become familiar with the EJS 
system. 
Programming assignment: Modify an existing EJS simulation, or create your own, to 
demonstrate a physics concept you discuss in your own classroom. 
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Session 5: Easy Java Simulations II- Modeling projectile motion 
Session goal: Work through chapters 2 and 3 of the EJS manual to gain more insight 
into how to use EJS. 
Programming assignment: Modify an existing EJS simulation, or create your own, to 
create a simulation of projectile motion that you could use in your own classroom. 
Reading assignment for Session 7: 
• Poincare, H. (2001). "Mathematical magnitude and experiment." in Science and 
Hypothesis New York: The Modem Library. 
Session 6: Easy Java Simulations III- Modeling rotational motion. 
Session goal: Use EJS to simulate rotational systems. Spend some time designing a 
simulation project using EJS. 
Programming assignment: Start your own simulation project. 
Session 7: Easy Java Simulations IV- Modeling interactions 
Session goal: To learn how to use EJS to model particle interactions, such as the 
interactions of objects with mass via gravity, or the interactions of objects with charge via 
Coulomb's law, or the behavior of an ideal gas. 
Programming assignment: Modify an existing EJS simulation, or create your own, to 
create a simulation of a system of particles that you could use in your own classroom. 
Reading assignment for Session 8: 
• Laws, P.W. (2004). A unit on oscillations, determinism and chaos for introductory 
physics students. American Journal of Physics 72, 446-452. 
• Carnap, R. (1966) "Determinism and free will ." In An introduction to the 
philosophy of science. New York: Dover Publications. 
Session 8: Chaos I- An introduction to non-linear dynamics 
Session goal: Becoming familiar with the concepts of non-linear dynamics and chaos. 
Modify the Mandelbrot set EJS program to create a Julia set program. 
Programming assignment: Continue your own simulation project. 
Sections from Baker & Gollub: Chapter 1 
Experiment: The forced harmonic oscillator 
Simulation: Modeling the forced harmonic oscillator using EJS 
Session 9: Chaos II - Modeling the forced harmonic oscillator 
Session goal: Use EJS to model a forced harmonic oscillator, and use your simulation 
to investigate chaotic behavior. 
Programming assignment: Continue your own simulation project. 
Sections from Baker & Gol/ub: Sections 2.1 , 2.2, optional 2.3 
Experiment: The forced harmonic oscillator 
Session 10: Chaos III- Modeling the double pendulum. 
Session goal: Use EJS to model a double pendulum, and use your simulation to 
investigate chaotic behavior. 
Programming assignment: Continue your own simulation project. 
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Sections from Baker & Gollub: Chapter 3 
Experiment: Demonstration of double pendulum; Paper clip pendulum in a magnetic 
field 
Session 11: Chaos IV- Logistic maps and bifurcations 
Session goal: To understand logistic maps and bifurcations. 
Sections from Baker & Gollub: Chapter 4 
Experiments: Fluid flow instabilities - Hele-Shaw patterns; Laplacian instabilities in 
electrochemical deposition 
Project Presentations 
There is no class on Monday June 18t\ Bunker Hill Day 
Session 12: Chaos V- Deterministic chaos continued. 
Session goal: To understand more features of deterministic chaos. 
Sections from Baker & Gollub: Chapter 5 
Project Presentations 
Session 13: Wrap-up 
Final Exam. 
Course evaluation. 
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NS549: Everyday Applications ofPhysics Syllabus 
Session 1: Seesaws. 
Review of rotational inertia, torque, angular velocity, angular acceleration, Newton's first 
and second laws of rotation, center of mass, and levers. 
Readings from Chapter 2 of How Things Work 
Assignment: Selected questions from chapter 2 
Reading assignment for next Friday: 
• De Boer, G. (1991). Process and product in science education. In A history of 
ideas in science education. Implications for practice. (pp. 190- 214). New York: 
Teachers College Press. 
Session 2: Carousels and Roller Coasters. 
Review of uniform circular motion and centripetal acceleration. 
Readings from Chapter 3 of How Things Work 
Philosophy/History/Education Research: Overview of the recent history of ideas on 
science teaching and learning methods. 
Assignment: Selected questions from chapter 3 
Session 3: Bicycles 
Review of unstable equilibrium, static and dynamic stability, and precession) 
Readings from Chapter 4 ofHow Things Work 
Assignment: Selected questions from chapter 4 
Reading assignment for next Friday: 
• Novak, J. (1979). The reception learning paradigm. Journal ofResearch in 
Science Teaching, 16, 481 - 488 . 
• Kaufmann, B. (1971 ). Psychological implications of learning science. Science 
Education, 55, 73- 83. 
Session 4: Rockets and Space Travel 
Review of reaction forces, Newton's law of gravitation, elliptical orbits, Kepler's laws, 
special and general relativity, and the equivalence principle. 
Readings from Chapter 4 of How Things Work 
Philosophy/History/Education Research: Controversies on inquired-based learning vs. 
non-inquiry based learning. I 
Assignment: Selected questions from chapter 4 
Session 5: Airplanes 
Review of streamlining, lifting wing, angle of attack, induced drag, stalled wing, and 
thmst. 
Readings from Chapter 6 of How Things Work 
Assignment: Selected questions from chapter 6 
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Reading assignment for next Friday: 
• Babikian, Y. (1971). An empirical investigation to determine the relative 
effectiveness of discovery, laboratory and expository methods of teaching science 
concepts. Journal of Research in Science Teaching, 8, 201 - 209. 
• Spears, B. & Zollman, D. (1977). The influence of structured versus unstructured 
laboratory on students' understanding the process of science. Journal of Research 
in Science Teaching, 14, 33-38. 
Session 6: Air Conditioners 
Review of the laws ofthennodynamics, temperature, heat, entropy, heat pumps and 
thermodynamic efficiency 
Readings from Chapter 8 of How Things Work 
Philosophy/History/Education Research: Controversies on inquired-based learning vs. 
non-inquiry based learning II: examining experimental data 
Assignment: Selected questions from chapter 8 
Session 7: Automobiles. 
Review of heat engines and thermodynamic efficiency. 
Readings from Chapter 8 of How Things Work 
Assignment: Selected questions from chapter 8 
Reading assignment for next Friday: 
• Kuhn, T. (2000). On learning physics. Science and Education, 9(1-2), 1 -10. 
• Andersen, H. Learning by ostension: Thomas Kuhn on science education. Science 
and Education, 9(1-2), 91 -106. 
Session 8: Clocks 
Review of time and space, natural resonance, harmonic oscillators, simple hannonic 
motion, frequency. 
Readings from Chapter 9 of How Things Work 
Philosophy/History/Education Research: Kuhn on learning physics. 
Assignment: Selected questions from chapter 9 
Session 9: Xerographic copiers. 
Review of electric fields and voltage gradients, relationships between shape and field, 
discharges, electric cutTent, direction of cunent flow, charging by induction. 
Readings from Chapter 10 of How Things Work 
Assignment: Selected questions from chapter 10 
Session 10: Project Presentations. 
Session 11: Project Presentations. 
Session 12: Project Presentations. 
Session 13: Final Examination. 
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